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(57) An object of the present Invention is to obtain a 
novel polymeric material capable of fonnlng a solid pol- 
ymer electrolyte excelient not only in processability, sol- 
vent resistance and durability/stability but also In ion 
conductivity by introducing sulfonic acid group or phos- 
phonic acid group into a polybenzazole compound hav- 
ing excellent properties In view of heat resistance, sol- 
vent resistance, mechan leal characteristics and the iilce. 

IVIeans attaining the object of the present Invention 
is a polybenzazole compound including an aromatic di- 
carboxylic acid bond unit having sulfonic acid group and/ 
or phosphonic acid group and satisfying either a condi- 



tion that inherent viscosity measured in concentrated 
sulfuric acid is in the range of 0.25 to 10 dl/g or a con- 
dition that inherent viscosity measured in a methanesul- 
fonic acid solution is in the range of 0.1 to 50 dl/g. 

The object of the present invention can be attained 
also by a resin composition containing tfie aforemen- 
tioned polybenzazole compound, a resin molding, a sol- 
id polymer electrolyte membrane, a solid polymer elec- 
trolyte membrane/electrode assembly and a method of 
preparing the solid polymer electrolyte membrane/elec- 
trode assembly. 
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Description 

Technical Field 

5 [0001] The present invention relates to a poiybenzazole compound having sulfonic acid group and/or phosphonic 
acid group useful as a solid polymer electrolyte membrane, a resin composition containing the same, a resin molding, 
a solid polymer electrolyte membrane, a solid polymer electrolyte membrane/electrode assembly and a method of 
preparing the assembly. 

10 Baclcground Art 

[0002] At present, fuel cell is watched with Interest as a candidate for the power generation system friendly to the 
terrestrial environment substituting for thennal power generation. The fuel cell is not the of the so-called dry cell 
or storage cell used by storing electricity. While water generates hydrogen and oxygen when electricalty hydroiyzed, 
15 the fuel cell utilizes a principle reverse thereto. In other words, the fuel cell is a new power generation system directly 
converting chemical energy to electric energy by electrochemical reaction of hydrogen and oxygen through a catalyst 
or the like. 

[0003] The fuel ceil is not restricted by the Camot cycle since the same Is a power generation system directly con- 
verting chemical energy to electric energy, and theoretically has remarl<ably superior generation efficiency as compared . 
20 with themnal power generation since the same causes neither heat transfer toss nor mechanical loss. However, even 
the fuel cell cannot entirely convert thenmal energy obtained In combustion, I.e., change of enthalpy (denoted by AH) 
to electric energy but can merely convert change of GIbbs free energy (denoted by AG) to electric energy 
[0004] In practice, theoretically possible maximum efficiency (theoretical efficiency) of a fuel ceil fueled by hydrogen 
Is: 

25 

H2 (gas) + I/2O2 (gas) ->H20 (liquid) 

AH = -285.83 l<J/mo! 
30 AG = -237.13 l<J/mol 

Hence, 

AG/AH X 100 = 82.9% 

35 

[0005] Thus, the theoretical efficiency of the fuel cell exhibits a high value by far exceeding the theoretical efficiency 
of a heat engine shown by the Garnot cycle. Similarly, the theoretical efficiency exhibits a value exceeding 90 % also 
when the fuel cell is fueled by methane or alcohol. 

[0006] However, It is difficult to approach the theoretical efficiency In an actual fuel ceil at the present stage. The 
40 reason for this is that various energy loss tal<es place in the fuel ceil and a supplemental apparatus for the fuel cell 
and the energy is discharged from the fuel cell as thennal energy. 

[0007] At present, loss in the fuel cell is the maximum toss in the power generation system fomned by the fuel cell, . 

and the power generation efficiency of the fuel cell can be remarkably improved by reducing such loss. 

[0008] For the aforementioned reason, active research and development are perfonned In various fields, to develop 

45 various types of fuel cells such as phosphoric acid-, solid polymer-, molten carbonate- and solid electrolyte-type cells. 
[0009] Among these fuel cells, the solid polymer electrolyte fuel cell (also abbreviated as PEFG) operating at a lower 
temperature as compared with other types of fuel cells has small constraint In the materials used such that the same 
can be prepared from a low-priced material such as plastic, carbon or stainless steel for readily reducing the cost, and . 
Is gathering interests. Further, the PEFG can be miniaturized as compared with other types of fuel cells and Is suitable 

so to a mobile power source or a small capacity power source. 

[0010] The history of developrnent of the PEFG was first started by General Electric, U.S.A., in the latter half of 
1 950s, and a fuel cell utilizing hydrogen/oxygen having output power of 1 1cW was embarlced on the spaceship Gemini 
in the first half of 1 9608. While the polymer electrolyte membrane used at the beginning was a polystyrene membrane 
of which chemical durability was poor, the chemical durability of the PEFC has been remarkably improved by the 

55 fluoropolymer electrolyte membrane "Nafion (R)" developed by Du Pont, U.S.A. for fuel cells In the space development 
project of NASA, and development of the PEFC was stimulated. At present, application of the PEFC to automobiles 
' or domestic use thereof is mainly studied rather than conventional space or military use. 
[0011] The polymer electrolyte membrane fomiing the heart of the PEFC serves as a kind of Ion-exchange mem- 
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brane, and must have excellent ion conductivity, physical strength, gas banier properties, chemical stability, electro* 
chemical stability and thermal stability. Therefore, a perfluorocarbonsulfonlc acid membrane represented by "Nation 
(R)" by Du Pont, U.S.A. has mainly been used as a polymer electrolyte membrane usable over a long period. In general, 
the perfluorocarbonsulfonlc acid membrane has fluorine atoms in the main chain and side chains, and sulfonic acid 

s groups In the side chains to which protons can be added. 

[0012] When the general perfluorocarbonsulfonlc acid membrane is operated under a condition exceeding lOO'^C, 
however, the water content of the membrane is abruptly reduced and the membrane is remarlcably softened. In a direct 
methanol fuel cell, therefore, performance is so reduced due to methanol crossover In the membrane that the fuel cell 
cannot exhibit sufficient perfonnance. In a fuel ceil fueled by hydrogen and operated under a condition around SC'C, 

10 the high cost of perfluorocarbonsulfonlc acid membrane also hinders practicallzatlon of the fuel cell. Moreover, available 
perfluorocarbonsulfonlc acid membrane limited In thickness and ion exchange capacity and designing of the fuel cell 
is also restricted. 

[0013] In order to overcome such disadvantages, various types of electrolyte membranes prepared by Introducing 
sulfonic acid groups into aromatic polymers are studied. For example, sulfonated polyaryl ethersulfone (Journal of 
^5 Membrane Science, 83, 211 (1993)), sulfonated polyetherether ketone (Japanese Patent Laying-Open No. 6-93114), 
sulfonated polyistyrene and the like can be listed. However, sulfonic acid groups introduced into aromatic rings based 
on polymer reaction readily cause desulfonation by acid or heat, and cannot be regarded as sufficient In durability to 
be used as an electrolyte membrane for a fuel cell. 

[0014] An aromatic polyazole polymer such as polyimldazoie is known as a polymer having high heat resistance and 

20 high durability, and sulfonic acid groups may conceivably be introduced into such a polymer for utilizing the same for 
the aforementioned object. As a compound having such a polymer structure, polybenzimidazole having sulfonic acids 
synthesized from 3,3'-diamlnobenzidine and 3,5-dicarboxybenzensulfonte acid or 2,5-dicarboxybenzensulfonic acid 
(Uno et al., J. Polym. Sci., Polym. Chem,, 15, 1 309 (1 977)) or synthesized with main components of 1 ,2,4,5-benzene- 
tetramine and 2,5-dicarboxybenzensulfonlc acid (USP-5,31 2,895) has been reported. 

25 [0015] In these reports, although solubility and heat resistance of polybenzimidazole having sulfonic acid have been 
described, no attention has been directed to electrochemical properties of sulfonic acid groups such as application to 
a solid polymer electrolyte membrane. In particular, these compounds are Inferior in compatibility of heat resistance, 
solvent resistance and mechanical properties and Ion conductivity, and unsuitable for application to a solid polymer 
electrolyte membrane or the like. 

30 [0016] Also as to that related to polybenzoxazote or polybenzthiazole having sulfonic acid groups, polymers synthe- 
sized from 2,5-diamlno-1 ,4-benzenedlthloI and 3 ,5-dlcarboxybenzenesulfonic acid or 4,6-dicarboxy-1 ,3-benzenedisul- 
fonlc acid (J. Polym. Sci., Polym. Chem., 34, 481 (1996)), polymers synthesized from 2,5-dlamino-1,4-benzenediol 
and 3, 5-dlcarboxybenzenesulfonic acid (Japanese Patent Laying-Open No. 10-158213), a compound prepared by 
sulfonation of a compound synthesized from 2,5-dlamino-1 ,4-benzenediol and terephthallc acid (Japanese Patent Lay- 

35 . ing-Open No. 4-353533) or a compound synthesized from 2,6-dicarboxysulfonic acid and various diamlnediol or dl- 
aminedithioi (USP-5,492,996) has been reported. 

[001 7] However, none of these has noted sulfonic acid groups as functional groups for proton conductivity, and none 
has exhibited sufficient durability under a condition employed as a fuel cell. For example, while the technique disclosed 
in USP No. 5,492,996 is characterized in converting sulfonic acid groups to alkyi ammonium salt in order to derive 

40 alcohol solubility of the polymer, it is obvious that the same is unsuitable for use as the material for a fuel cell since 
alcohol solubility Is a critical defect In application to the aforementioned fuel cell fueled by methanol or the like. 
[0018] On the other hand, few aromatic polymers having phosphonic acid groups conceivably superior in heat re- 
sistance to sulfonic acid groups was reported in view of applbatlon to a solid polymer electrolyte. Polybenzoxazoles 
comprising of 4,4'-(2,2,2-trifluoro-1-(trifluoromethyl)ethyIidene)bls(2-aminophenol) In which 5 to 50% of dicarboxyllc 

45 acid was 3.5-dicari30xyphenyl phosphonic acid (USP No. 5,498,784) were reported as a rare example. These polymers 
showed excellent solubility and a possibility as a composite material, however, this polymer has not been taken into 
consideration as a solid polyelectrolyte for a fuel cell. In practice, it is obvious that alcohol solubility of these polymers 
is unsuitable for use as a solid polyelectrolyte for a fuel cell fueled by methanol. It can be said that this polymer Is 
unsuitable for a solid polyelectrolyte for a fuel cell also in the point that the same exhibits only low ion conductivity. 

50 [0019] In addition, a phosphoms-containing polyamide copolymer such as 3,5-dlcarboxyphenylphosphonlc acid has 
been reported (Japanese Patent Laying-Open No. 11-286545), while only properties related to heat resistance have 
been Investigated also in this polymer. Further, this polymer causes hydrolysis under an acidic condition used as a fuel 
cell, and cannot be used as an electrolyte membrane. 

[0020] In general, ionic group-containing polyazole polymers are hard to mold and also hard to hold Its fomn even If 
55 a molding Is obtained. This is conceivably because only a polymer having a low degree of polymerization Is obtained 
by intn>duction of Ionic groups. Therefore, it has been difficult to obtain a polymer utilizable as a solid polymer electrolyte 
such as a proton-exchange membrane. 
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Disclosure of the Invention 

[0021 } An object of the present invention is to obtain a novel polymeric material capable of providing a solid polymer 
electrolyte excellent not only In processabillty, solvent resistance and durability/stability but also In Ion conductivity by 
5 introducing sulfonic acid groups or phosphonic acid groups into a polybenzazoie compound having excellent properties 
in heat resistance, solvent resistance, mechanicai characteristics and the like. 

[0022] The inventors have made deep study in order to attain the aforementioned object, to find that a specific poly- 
benzazoie compound containing sulfonic acid groups or phosphonic acid groups exhibits excellent processabillty. du- 
rability, solvent resistance, mechanical properties and ion conductivity, and obtained a novel polymeric material satis- 

10 tying the object of the present invention. 

[0023] A first aspect of the present invention is a polybenzazoie compound including an aromatic dicarboxyilc acid 
bond unit having sulfonic acid group and/or phosphonic acid group and satisfying either a condition that Inherent vis- 
cosity measured in concentrated sulfuric acid is in the range of 0.25 to 10 di/g or a condition that inherent viscosity 
measured In a methanesulfonic acid solution is In the range of 0.1 to 50 di/g. 

15 [0024] A second aspect of the present invention Is the polybenzazoie compound according to the first aspect, in- 
cluding the aromatic dicarboxyilc acid bond unit having sulfonic acid group and/or phosphonic acid group with a ben- 
zazole bond unit bonded by random polymerization and/or alternating polymerization and satisfying eitherthe condition 
that inherent viscosity measured In concentrated sulfuric acid Is In the range of 0.25 to 10 dl/g or the condition that 
inherent viscosity measured In a methanesulfonic acid solution is In the range of 0.1 to 50 dl/g. 

20 [0025] A third aspect of the present Invention is the polybenzazoie compound according to the first aspect, charac- 
terized in that conductivity obtained by measuring complex impedance when applying a voltage of 10,000 Hz in fre- 
quency under conditions of SO^'C and 95 % RH is in the range of 0.01 to 1 .0-S/cm. 

[0026] A fourth aspect of the present invention is the polybenzazoie compound according to the third aspect, including 
a benzoxazole bond unit and/or a benzthlazole bond unit and Including the aromatic dtcartDoxyllc acid bond unit having 
25 at least one sulfonic acid group in molecules, characterized in that the Inherent viscosity measured In a methanesulfonic 
acid solution is in the range of 0.1 to 60 dl/g and the conductivity obtained by measuring complex Impedance when 
applying the voltage of 1 0,000 Hz in frequency under the conditions of 80*^0 and 95 % RH is In the range of 0.3 to 1 .0 
S/cm. 

[0027] A fifth aspect of the present invention is the polybenzazoie compound according to the fourth aspect, including 
30 bond units expressed in the following fomnulas (1) and (2) in a molar ratio n^:(1 - n"') as components, with the molar 
ratio satisfying an expression 0.5 ^ n'' ^ 1 .0: 



where m** represents an Integer of 1 to 4, B** represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following fonnuias (3) and (4) in each of the.fomiuias (1) and (2). 
A^ and A^ may be Identical to or different from each other 



35 



(SO3HL1 ^ 




40 




50 



55 
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where X represents either S atom or O atom in each of the formulas (3) and (4). . 

[0028] A sixth aspect of the present invention Is the polybenzazole compound according to the first aspect, Including 
the aromatic dicarboxyllc acid bond unit having phosphonic acid group, characterized In that conductivity obtained by 
measuring complex impedance when applying a voltage of 1 0,000 Hz in frequency under conditions of 80''C and 95 
% RH is in the range of 0.001 to 1 .0 S/cm. 

[0029] A seventh aspect of the present invention is the polybenzazole compound according to the first aspect, In- 
cluding a benzoxazole bond unit and the aromatic dicarboxyllc acid bond unit having phosphonic acid group, charac- 
terized In that conductivity obtained by measuring complex Impedance when applying a voltage of 10,000 Hz in fre- 
quency under conditions of 80**C and 95 % RH is In the range of 0.01 to 1 ,0 S/cm. 

[0030] An eighth aspect of the present invention is the polybenzazole compound according to the first aspect, in- 
cluding a benzimidazoie bond unit, characterized in that solubility in IS-methylpyn^oIidone under a condition of 170^*0 
is at least 5 % (w/w) and the inherent viscosity measured In concentrated sulfuric acid Is In the range of 0.25 to 1 0 dl/g. 
[0031 1 A ninth aspect of the present Invention Is the polybenzazole compound according to the first aspect. Including 
a benzoxazole bond unit and Including the aromatic dicarboxyllc acid bond unit having at least one sulfonic acid group 
In molecules, characterized in that the inherent viscosity measured In a methanesuifonic acid solution is in the range 
of 0.1 to 50 dl/g and solubility in dimethyisulfoxide under a condition of 40''C is at least 1% (w/w). 
[0032] A tenth aspect of the present Invention Is the polybenzazole compound according to the ninth aspect, Including 
bond units expressed In the following fomnulas (5) and (6) In a molar ratio r\^:(1 - n^) as components, characterized in 
that the molar ratio satisfies an expression 0.85 ^ n^ ^ 1 .0 and sulfonic acid groups in the form of ail<allne metal salts 
are In the range of 0 to 15 mol % among all sulfonic acid groups: 



where m^ represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed In either one of the following fonnulas (7) and (8) in each of the fonnuias (5) and (6). 
and A^ may be Identical to or different from each other. 




(S03H)„^ ^ 




(6) 
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[0033] An eleventh aspect of the present invention is the polybenzazole compound according to the eighth aspect, 
characterized In that conductivity obtained by measuring complex impedance when applying a voltage of 10,000 Hz 
in frequency under conditions of 80**C and 95 % RH is in the range of 0.01 to 1 .0 S/cm. 

[0034] A twelfth aspect of the present Invention Is the polybenzazole compound according to the fourth aspect, 
including a benzoxazole bond unit and the aromatic dicarboxyilc acid bond unit having a sulfonic acid group, charac- 
terized in that solubility in dimethyisulfoxide under a condition of 40*0 is at least 1 % (w/w). 
[0035] A thirteenth aspect of the present invention is the polybenzazole compound according to the twelfth aspect, 
including bond units expressed in the following fomiulas (9) and (10) In a molar ratio n^:(1 - n^) as components, char- 
acterized in that the molar ratio satisfies an expression 0.85 5 n^ s 1 .0 and sulfonic acid groups In the fonm of alkaline . 
metal salts are In the range of 0 to 10 mol % among all sulfonic acid groups: 



IS 



(S03H)„3 




(9) 



20 



(10) 



25 



where m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following fomiulas (11) and (12) In each of the fonnulas (9) arid 
(1 0). A* and A® may be Identical to or different from each other. 



30 




(11) 



35 




>— (12) 



40 



45 



[0036] A fourteenth aspect of the present invention is the polybenzazole compound according to the first aspect, 
having at least 1 .5 meq/g of sulfonic acid groups and/or phosphonic acid groups In molecules, characterized in that 
reduction of mass is In the range of 0 to 5 % (w/w) when Immersed In water of 25**C for 72 hours. 
[0037] A fifteenth aspect of the present Invention is the polybenzazole compound according to the fourteenth aspect, 
Including bond units expressed in the following formulas (13) and (14) In a molar ratio n^:(1- n*) as components, with 
the molar ratio satisfying an expression 0.4 s n* < 1 .0: 



50 



55 



(S03H)„,4 




A^-- (13) 



n 
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^B'-A^-\^^< (14) 

where represents an integer of 1 to 4, B"^ represents a bivalent aronnatic bond unit and each of and represents 
a bivalent bond unit expressed in either one of the following fomnulas (15) and (16) In each of the fonnuias (13) and 
(14). A^ and A® nnay be Identical to or different from each other: 



15 



20 




where X represents either S atom or O atom In each of the fonnuias (15) and (16). 

[0038] A sixteenth aspect of the present Invention Is the polybenzazoie compound according to the fifth aspect, 
25 having at least 1 .5 meq/g of sulfonic acid groups in molecules, characterized In that reduction of mass is in the range 
of 0 to 5 % (w/w) when Immersed in water of 25'C for 72 hours. 

[0039] A seventeenth aspect of the present invention is the polybenzazoie compound according to the first aspect, 
having at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups In molecules, characterized In that 
reduction of mass Is in the range of 0 to 5 % (w/w) when immersed in water of 25*C for 72 hours and solubility In 
30 dimethylsulfoxide under a condition of 40**C is at least 1% (w/w). 

[0040] An eighteenth aspect of the present invention Is the polybenzazoie compound according to the seventeenth 
aspect, Including bond units expressed in the following fomnulas (1 7) and (18) in amolar ratio n^:^^ - n') as components, 
with the molar ratio satisfying an expression 0.85 < n^ ^ 1 .0: 



(S03H)„5 



40 




-f (17) 



where m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^° represents 
50 a bivalent bond unit expressed in either one of the following fomnulas (1 9) and (20) in each of the formulas (17) and 
(1 8). A^ and A^^ may be identical to or different from each other. 



55 
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where X represents either S atom or O atom in each of the formulas (19) and (20). 

[0041] A nineteenth aspect of the present Invention is the polybenzazole compound according to the eighteenth 
aspect, characterized in that conductivity obtained by measuring complex Impedance when applying a voltage of 1 0,000 
Hz in frequency under conditions of 80<'C and 95 % RH Is in the range of 0.3 to 1 .0 S/cm. 

[0042] A twentieth aspect of the present Invention Is the polybenzazole compound according to the third aspect, 
characterized In that a 3 % mass reduction temperature is In the range of 370 to SSO^'C with reference to mass upon 
temperature rise to 200''C In thermogravimetric analysis. 

[0043] A twenty-first aspect of the present invention Is the polybenzazole compound according to the first aspect, 
including the aromatic dicarboxyiic acid bond unit having phosphonic acid group, characterized in that a 3 % mass 
reduction temperature is In the range of 400 to 550**C with reference to mass upon temperature rise to 200'C In 
themriogravlmetric analysis, 

[0044] A twenty-second aspect of the present Invention Is the polybenzazole compound according to the twenty-first 
aspect, characterized In that solubility in N-methyipyn'olldone under a condition of 170°C is at least 5 % (wAw). 
[0045] A twenty-third aspect of the present invention Is the polybenzazole compound according to the twenty-second 
aspect, characterized in that conductivity obtained by measu ring comp lex impedance when applying a voltage of 1 0, 000 
Hz in frequency under conditions of 80^C and 95 % RH is In the range of 0.001 to 1 .0 S/cm. 
[0046] A twenty-fourth aspect of the present Invention is the polybenzazole compound according to the first aspect, 
including bond units expressed In the following fomiulas (21) and (22) In a molar ratio n^:(1 - n^) as components, with 
the molar ratio satisfying an expression 0.2 ^ n^ ^ 1 .0: 



(S03H)„6 




where m^ represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected 
from a group consisting of -0-, - SOg-, -C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the fomiulas (21) and (22). 

[0047] A twenty-fifth aspect of the present invention Is the polybenzazole compound according to the third aspect, 
including bond units expressed in the following fonnutas (23) and (24) In a molar ratio n^:(1 -n^) as components, with 
the molar ratio satisfying an expression 0.2 £ n^ £ 1 .0: 
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where represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected 
from a group consisting of -0-, - SO2-, -C(CH3)2-. -C(CF3)2-.and -OPhO- and Ph represents a bivalent aromatic bond 
unit In each of the formulas (23) and (24). 

[0048] A twenty-sixth aspect of the present invention Is the polybenzazole compound according to the eighth aspect, 
including bond units expressed in the following formulas (25) and (26) In a molar ratio n®:(1 - n^) as components, with 
the molar ratio satisfying an expression 0.2 ^ n^ ^ 1 .0: 



(S03H)„8 




where m^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, X"" represents at least one selected 
from a group consisting of -0-, -SO2-, -C{CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit In each of the fonnulas (25) and (26). 

[0049] A twenty-seventh aspect of the present invention is the polybenzazole compound according to the eleventh 
aspect. Including bond units expressed in the following formulas (27) and (28) in a molar ratio n^:(1 - n^ as components, 
with the molar ratio satisfying an expression 0.2 ^ n^ ^ 1 .0: 
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where represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected 
from a group consisting of -0-, -SOg-, -C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the fonnulas (27) and (28). 

[0050] A twenty-eighth aspect of the present Invention is the polybenzazole compound according to the twentieth 
aspect, including bond units expressed in the following formulas (29) and (30) in a molar ratio n"'0:(1-n''0) as compo- 
nents, with the molar ratio satisfying an expression 0.2^ n^^ ^ 1 .0: 



(S03H)„io 




where m^o represents an Integer of 1 to 4, Ar represents an aromatic bond unit, X"" represents at least one selected 
from a group consisting of -0-, -SO2-, -C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit In each of the formulas (29) and (30). 

[0051] A twenty-ninth aspect of the present Invention is the polybenzazole compound according to the first aspect, 
Including the aromatic dicarboxylic acid bond unit having phosphonlc acid group and containing no fluorine atom. 
[0052] A thirtieth aspect of the present invention is the polybenzazole compound according to the sixth aspect, In- 
cluding the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0053] A thirty-first aspect of the present invention Is the polybenzazole compound according to the seventh aspect, 
Including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0054] A thirty-second aspect of the present invention Is the polybenzazole compound according to the eighth aspect, 
including the aromatic dicarboxylic acid bond unit having phosphonic add group and containing no fluorine atom. 
[0055] A thirty-third aspect of the present Invention is the polybenzazole compound according to the eleventh aspect, 
including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0056] A thirty-fourth aspect of the present invention is the polybenzazole compound according to the seventeenth 
aspect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine 
atom. 

[0057] A thirty-fifth aspect of the present invention Is the polybenzazole compound according to the twenty-first as- 
pect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine atom. 
[0058] A thirty-sixth aspect of the present invention is the polybenzazole compound according to the twenty-second 
aspect, Including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine 
atom. 

[0059] A thirty-seventh aspect of the present Invention Is the polybenzazole compound according to the twenty-third 
aspect, including the aromatic dicarboxylic acid bond unit having phosphonic acid group and containing no fluorine 
atom. 
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[0060] A thirty-eighth aspect of the present invention is a resin composition containing the poiybenzazole compound 
Including the aromatic dicarboxylic acid bond unit having sulfonic acid group and/or phosphonic acid group according 
to any of the first to thirty-seventh aspects and a poiybenzazole compound having no ionic group as main components. 
[0061] A thirty-ninth aspect of the present invention is a resin molding containing the poiybenzazole compound ac- 
5 cording to any of the first to thirty-seventh aspects as a main component. 

[0062] A fortieth aspect of the present invention Is a solid polymer electrolyte membrane containing the poiybenzazole 
compound according to any of the first to thirty-seventh aspects as a main component. 

[0063] A forty-first aspect of the present invention is a solid polymer electrolyte membrane/electrode assembly In- 
cluding a solid polymer electrolyte membrane and electrode catalytic layers jointed to both surfaces of the.soiid polymer 
10 electrolyte membrane as components, characterized In that the solid polymer electrolyte membrane and/or the elec- 
trode catalytic layers contain the poiybenzazole compound according to any of the first to thirty-seventh aspects as a 
component. 

[0064] A forty-second aspect of the present invention Is the solid polymer electrolyte membrane/electrode assembly 
according to the forty-first aspect, characterized in that the poiybenzazole compound forming the solid polymer elec- 
is troiyte membrane and/or the electrode catalytic layers has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic 
acid groups in molecules. 

[0065] A forty-third aspect of the present invention Is a method of preparing a solid polymer electrolyte membrane/ 
electrode assembly including a step of bonding a solid polymer electrolyte membrane and electrode catalytic layers 
jointed to both surfaces of the solid polymer electrolyte membrane to each other with a binder, characterized in that 
20 the solid polymer electrolyte membrane and/or the electrode catalytic layers contain the poiybenzazole compound 
according to any of the first to thirty-seventh aspects as a component and the binder also contains the poiybenzazole 
compound according to any of the first to thirty-seventh aspects as a component. 

[0066] A forty-fourth aspect of the present Invention Is the method of preparing a solid polymer electrolyte membrane/ 
electrode assembly according to the forty-third aspect, characterized in that the. poiybenzazole compound forming the 
25 solid polymer electrolyte membrane and/or the electrode catalytic layers has at least 2.5 meq/g of sulfonic acid groups 
and/or phosphonic acid groups in molecules and the poiybenzazole compound fonning the binder also has at least 
2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules. 

Brief Description of the Drawings 

30 

[0067] 

Fig. 1 is a diagram showing the IR spectrum of a polybenzimidazole compound having sulfonic acid groups syn- 
thesized from TAS and STA. 

35 Fig. 2 is a diagram showing the TGA chart of a membrane consisting of the polybenzimidazole compound having 

sulfonic acid groups synthesized from TAS and STA. 

Fig. 3 is a diagram showing the IR spectrum of a polybenzimidazole compound having sulfonic acid groups syn- 
thesized in composition of TAS and TPA/SIA = 66/34. 

Fig. 4 Is a diagram showing the IR spectrum of a polybenzimidazole compound having sulfonic acid groups syn- 
40 thesized in composition of HAB and TPA/SIA = 34/66. 

Fig . 5 is a diagram showing the IR spectmm of a poiybenzazole compound having sulfonic acid groups synthesized 
from DAR and STA. 

Fig. 6 is a diagram showing the IR spectrum of a polybenzimidazole compound having phosphonic acid groups 
synthesized from TAS and DCP. 

45 

Best Modes for Carrying Out the invention 

[0068] The present invention is now described in more detail. 

[0069] The Inventive poiybenzazole compound having sulfonic acid group and/or phosphonic acid group (also simply 
50 refen-ed to as the inventive poiybenzazole compound in this specification) Is a novel material exhibiting excellent prop- 
erties not only In durability but also in workability and ion conductivity. The inventive poiybenzazole compound having 
such excellent properties can be preferably used as the material for a solid polymer electrolyte membrane forfuel cells. 
[0070] The basic structure of the present Invention is a poiybenzazole compound Including an aromatic dicarboxylic 
acid bond unit having sulfonic acid group and/or phosphonic acid group and satisfying either a condition that inherent 
55 viscosity measured in concentrated sulfuric acid Is In the range of 0.25 to 1 0 dl/g or a condition that Inherent viscosity 
measured in a methanesulfonic acid solution is in the range of 0.1 to 50 dl/g. 

[0071] A benzazole bond unit, the aromatic dicarboxylic acid bond unit having sulfonic acid group and/or phosphonic 
acid group, an aromatic dicarboxylic acid bond unit having neither sulfonic acid group nor phosphonic acid group and 
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a further bond unit forming the Inventive polybenzazole compound are preferably bonded by random polymerization 
and/or alternating polymerization. Further, the polymerization form of these units is not restricted to one type but at 
least two types of polymerization forms may coexist in the same compound. 

5 <Polybenzazole Compound> 

[0072] It is assumed that the inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid 
group denotes at least one selected from a group consisting of polybenzimldazole compounds, polybenzoxazole com- 
pounds and polybenzthlazole compounds having sulfonic acid group and/or phosphonic acid group. 

10 [0073] While the path for synthesizing such a compound is not particularly restricted, the compound can be synthe- 
sized by reaction between at least one compound selected from a group consisting of aromatic tetramines, aromatic 
diamlnedlols and aromatic diamlnedithiols capable of forming Imidazole rings, oxazole rings or thiazole rings in the 
compound and derivatives thereof and at least one compound selected from a group consisting of aromatic dicarboxylic 
acid and a derivative thereof in general. 

15 [0074] When partially mixing aromatic dlcartaoxylic acid having sulfonic acid group and/or phosphonic acid group 
and/or a derivative thereof Into the used aromatic dlcariDoxylic acid and/orthe derivative thereof, the sulfonic acid group 
and/or the phosphonic acid group can be introduced Into the obtained polybenzazole compound. At this time, the 
sulfonic acid group and/orthe phosphonic acid group introduced Into the aronftatic dlcartDoxyllc acid and/orthe derivative 
thereof may be In the form of a salt such as an alkaline metal. 

20 

<Aromatic Tetramine, Dlaminediol and Dlaminedlthloi> 

[0075] While aromatic tetramine, aromatic dlaminediol, aromatic diamlnedithlol and derivatives thereof employable 
for synthesizing the inventive polybenzazole compound having sulfonic acid group and/or phosphonic add group are 

25 not particularly restricted, 2,5-dihydroxyparaphenylenediamine, 4,6-dihydroxymethaphenylenediamlne, 2,5-diamino- 
1 ,4-benzenedithiol, 4,6-diamlno-1,3-ben2enedlthiol, 2,5-diamino-3,6-dimethyl-1 ,4-benzenedithlol, 1 ,2,4,6-tetraaml- 
nobenzene, 3,3'-dihydroxybenzidine, 3,3'-diamino-4,4'-diphenylben2enediol, 3,3'-dimercaptobenzidine, 3,3'-diamlno- 
4,4'-dlphenylbenzenedithlol, 3,3'-dlamlnoben2idlne, bls(4-amlno-3-hydroxyphenyI) ether, bls(3-amlno-4-hydroxyphe- 
nyl) ether. bis(4-amlno-3-mercaptophenyl) ether, bis(3-amino-4-mercaptophenyl) ether, 3,3',4,4'-tetraamlnodlphenyl 

30 ether, bis(4-amlno-3-hydroxyphenyl) thioether, bls(3-amino-4-hydroxyphenyl) thioether, bis(4-amlno-3-mercaptophe- 
nyl) thioether. bis{3-amino-4-mercaptophenyI) thioether, 3,3\4,4'-tetraaminodlhpenyl thioether, bls(4-amino-3-hydrox- 
yphenyl)sulfone, bls{3-amino-4-hydroxyphenyl)suIfone, bis(4-amino-3-mercaptophenyl)su(fone, bis(3-amino-4-mer- 
captophenyl)su!fone. 3,3',4,4'-tetraaminodiphenylsulfone, 2,2'bls(4-amlno-3-hydroxyphenyl)propane, 2,2-bis(3-aml- 
no-4-hydroxyphenyl)propane, 2,2-bis(4-amino-3-mercaptophenyl)propane, 2,2-bis(3-amln6-4-mercaptophenyl)pro- 

35 pane, 2,2-bis(3,4-dlaminophenyl)propane, bls(4-amino-3-hydroxyphenyl)methane, bls(3-amino-4-hydroxyphenyl) 
methane, bis(4-amino-3-mercaptophenyl)methane,bis(3-amlno-4-mercaptophenyl)methane, bis(3,4-dlamonophenyl) 
methane, 2,2-bis(4-amino-3-hydroxyphenyl)hexafluoroprDpane, 2,2-bls(3-amino-4-hydroxyphenyl)hexafluoropro- 
pane,2,2-bis(4-amino-3-mercaptophenyl)hexafluoropropane,2,2-bls(3-amino-4-mercaptophenyl)hexafluoropropane, 
2,2-bls(3,4-diaminophenyl)hexafluoropropane, 2,2-bls(4-amlno-3-hydroxyphenyl)ketone, 2,2-bls(3-amlno-4-hydroxy- 

40 phenyl)ketone, 2,2-bis(4-amlno-3-mercaptophenyl)ketone, 2,2-bls(3-amlno-4-mercaptophenyl)ketone, 2,2-bls(3,4-di- 
amlnophenyl)ketone, bls(4-amlno-3-hydroxyphenoxy)benzene, bis(3-amlno-4-hydroxyphenoxy)benzene, bls(4-annl- 
no-3-mercaptophenoxy)benzene, bis(3-amino-4-mercaptophenoxy)benzene and bis(3,4,-dlaminophenoxy)ben2ene 
and derivatives thereof can be listed, for example. 

[0076] As specific examples of the derivatives of these aromatic tetramines, aromatic diaminediols and aromatic 
45 diamlnedithiols, salts with acids such as hydrochloric acid, sulfuric acid and phosphoric acid can be listed. While these 
compounds may be singly used, It is also possible to simultaneously use a plurality of such compounds. Further, these 
compounds may contain a well-known antioxidant such as tin (II) chloride or a phosphorous acid compound if necessary. 

<Aromatb Dicari30xyiic Acid Having Sulfonic Acid Group> 

50 

[0077] Aromatic dIcariDoxylic acid having sulfonic add group and derivative thereof employed for synthesizing the 
inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group are not particulariy re- 
stricted but a compound having one to four sulfonic acid groups in the aromatic dicarboxylic acid can be preferably 
used. As specific examples, aromatic dicarisoxylk: acids having sulfonic acid group such as 2.5-dicari30xybenzenesul- 
55 tonic add, 3,5-dicait>oxybenzenesulfonic acid, 2,5-dicafboxy-1 ,4-benzenedlsulfonic acid, 4,6-dlcartDoxy-1 ,3-benzene- 
dlsulfonlc acid and 2,2'-disulfo-4,4'-biphenyldlcarboxylic acid and derivatives thereof can be listed. 
[0078] ks sulfonic add derivatives of such aromatic dicarboxylic acid materials having sulfonic add groups, alkaline 
metal salts of sodium, potassium and the like and an ammonium salt can be listed. While these compounds may be 
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singly used, tt is also possible to simultaneously use a plurality of such compounds. Further, these compounds may 
contain a well-known antioxidant such as tin (II) chloride or a phosphorous acid compound If necessary. 
[0079] The purity of aromatic dicarboxylic acid having sulfonic acid group employed for synthesizing the inventive 
polybenzazoie compound is not particularly restricted but at least 98 % is preferable and at least 99 % is more prefer- 

5 able. A polybenzazoie compound polymerized from a raw material of aromatic dicarboxylic acid having sulfonic acid 
group exhibits such a tendency that the degree of polymerization Is lower than that in a case of employing aromatic 
dicarboxylic acid having neither sulfonic acid group nor phosphonic acid group as the raw material, and hence it is 
preferable to employ aromatic dicarboxylic acid having sulfonic acid group exhibiting the highest possible purity, if the 
purity of aromatic dicarboxylic acid is less than 98 %, there is such a tendency that the degree of polymerization of the 

10 obtained polybenzazoie compound Is so towered that the compound is unsuitable as the material for a solid polymer 
electmlyte. 

[0080] The aforementioned aromatic dicarboxylic acid having sulfonic acid group may be singly used, while the same 
may alternatively be copolymerized with aromatic dicarboxylic acid having neither sulfonic acid group nor phosphonic 
acid group to be employed for synthesizing the inventive polybenzazoie compound having sulfonic acid group and/or 

IS phosphonic acid group. Aromatic dicarboxylic acid having neither sulfonic acid group nor phosphonic acid group usable 
with aromatic dicarboxylic acid having sulfonic acid group is not particularly restricted but general aromatic dicarboxylic 
acids reported as starting materials for polyesters such as terephthalic acid, isophthaiic acid, naphthalenedicarboxyiic 
acid, diphenyl ether dicarboxylic acid, diphenylsulfonedlcarboxylic acid, blphenyldicarboxyiic acid, terphenyldicarbox- 
yiic acid, 2,2-bis(4-carboxyphenyl)hexafiuoropropane or the like can be used, for example. 

20 [0081] While these compounds may be singly used, it Is also possible to simultaneously use a plurality of such 
compounds. Further, these compounds may contain a well-known antioxidant such as tin (II) chloride or a phosphorous 
acid compound If necessary. 

[0082] When using aromatte dicarboxylic acid having neither sulfonic acid group nor phosphonic acid group with 
aromatic dicarboxylic acid having sulfonic acid group for synthesizing the Inventive polybenzazoie compound, It is 

25 possible to clarify an excellent effect attained by Introduction of the sulfonic acid group into the Inventive polybenzazoie 
compound by compounding the aromatic dicarboxylic acid having sulfonic acid group so that the content thereof is at 
least 20 mol % in the total aromatic dicarboxylic acid, in order to derive a salient effect attained by Introducing the 
sulfonic acid group into the Inventive polybenzazoie compound, It Is further preferable to compound aromatic dicarbo- 
xylic add having sulfonic acid group so that the content thereof is at least 50 mol %. If the content of aromatic dicarboxylic 

30 acid having sulfonic acid group Is less than 20 mol %, there is such a tendency that the conductivity of the inventive 
polybenzazoie compound is so lowered that the compound is unsuitable as the material for a solid polymer electrolyte. 

<Aromatic Dicarboxylic Acid having Phosphonic Acid Group> 

35 [0083] Aromatic dicarboxylic acid having phosphonic acid group and derivative thereof employed for synthesizing 
the Inventive polybenzazoie compound having sulfonic acid group and/or phosphonic acid group are not restricted but 
a compound having one to four phosphonic acid groups in the aromatic dicarboxylic skeleton can be preferably used. 
As specific examples, aromatic dicarboxylic acid having phosphonic acid group such as 2,5-dicarboxyphenyiphos- 
phonlc acid, 3,5-dicarboxyphenylphosphonlc acid and 2,5-bisphosphonoterephthallc acid and derivatives thereof can 

40 be listed. 

[0084] As phosphonic acid derivatives of such aromatic dicartDoxylic acid having phosphonic acid group, alkaline 
metal salts of sodium, potassium and the like and an ammonium salt can be listed. While these compounds may be 
singly used, It is also possible to simultaneously use a plurality of such compounds. Further, these compounds may 
contain a well-known antioxidant such as tin (11) chloride or a phosphorous acid compound if necessary. 

45 [0085] While the stmcture of aromatic dicartDoxylic acid having a phosphonic acid group is not restricted to the above, 
aromatic dicarboxylic acid having a phenyiphosphonlc type acid group shown in the above is preferable. 
[0086] The purity of aromatic dicari^oxylic acid having phosphonic acid group employed for synthesizing the inventive 
polybenzazoie compound Is not particularly restricted but at least 97 % Is preferable and at least 98 % is more prefer- 
able. A polybenzazoie compound polymerized from a raw material of aromatic dicarisoxylic acid having phosphonic 

50 acid group exhibits such a tendency that the degree of polymerization Is lower than that in a case of employing aromatic 
dicariDoxyiic acid having neither sulfonic acid group nor phosphonic acid group as the raw material, and hence it is 
preferable to employ aromatic dicartjoxyllc acid having phosphonic acid group exhibiting the highest possible purity, if 
the purity of aromatic dicarboxylic acid is less than 97 %, there is such a tendency that the degree of polymerization 
of the obtained polybenzazoie compound is so lowered that the compound Is unsuitable as the material for a solid 

55 polymer electrolyte. 

[0087] The aforementioned aromatic dicartaoxyllc acid having a phosphonic acid group may be singly used, while 
the same may alternatively be copolymerized with aromatic dicariDoxyiic acid having neither sulfonic acid group nor 
phosphonic acid group to be employed for synthesizing the inventive polybenzazoie compound having sulfonic acid 
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group and/or phosphonic acid group. Aromatic dicarboxylic acid having neither sulfonic acid group nor phosphonic 
acid group usable with aromatic dicarboxylic acid having phosphonic acid group is not particularly restricted but general 
aromatic dicarboxyilc acids reported as starting materials for polyesters such as tersphthaiic acid, isophthalic acid, 
naphthalenedicarboxyiic acid, diphenyi ether dicarboxyilc acid, diphenylsutfonedicarboxyiic acid, biphenyldicarboxyllc 
s acid, terphenyldicarboxyiic acid. 2,2-bis(4-carboxyphenyl)hexafluoropropane or the like can be used. 

[0088] While these compounds may be singly used, It is also possible to simultaneously use a plurality of such 
compounds. Further, these compounds may contain a well-known antioxidant such as tin (11) chloride or a phosphorous 
acid compound If necessary. 

[0089] When using aromatic dicarboxylic acid having neither sulfonic acid group nor phosphonic acid group with 
10 aromatic dicarboxylic acid having a phosphonic acid group for synthesizing the inventive poiybenzazole compound, It 
is possible to clarify an excellent effect attained by Introduction of the phosphonto acid group into the inventive poiy- 
benzazole compound by compounding aromatic dicarboxylic acid having phosphonic acid group so that the content 
thereof Is at least 20 moi % In the total aromatic dicarboxyilc acid. In order to derive a salient effect attained by Intro- 
ducing the phosphonic acid, group into the Inventive poiybenzazole compound, it is further preferable to compound 
15 aromatic dicarboxylic acid having phosphonic acid group so that the content thereof is at least 50 mot %. If the content 
of aromatic dicarboxylic acid having phosphonic acid group is less than 20 moi %, there is such a tendency that the 
conductivity of the inventive poiybenzazole compound is so towered that the compound is unsuitable as the material 
for a solid polymer electrolyte. 

[0090] While the aforementioned aromatic dicarboxylic acid having sulfonic acid group and the aforementioned ar- 
20 omatic dicarboxylic acid having phosphonic acid group may be singly used respectively, these materials may alterna- 
tively be copolymerized thereby synthesizing the inventive poiybenzazole compound having sulfonic acid group and/ 
or phosphonic acid group. 

[0091] While the aforementioned aromatic dicarboxylic acid having sulfonic acid group and the aforementioned ar- 
omatic dicarboxylic acid having phosphonic acid group may be used alone, these materials may alternatively be co- 
25 polymerized with aromatic dicarboxyilc acid containing neither sulfonic acid group nor phosphonic acid group thereby 
synthesizing the inventive poiybenzazole compound having sulfonto acid group and/or phosphonic acid group. 

<Method of Synthesizing Poiybenzazole Compound> 

30 [0092] A method of synthesizing the poiybenzazole compound having sulfonic acid group and/or phosphonic acid 
group by employing at least one compound selected from the aforementioned group consisting of aromatic tetramine, 
aromatic diaminediol, aromatic diamlnedithiol and derivatives thereof and at least one compound selected from the 
group consisting of aromatic dicarboxylic acid and a derivative thereof (both are hereinafter simply referred to as ma- 
terial monomers) Is not particularly restricted, but the compound can be synthesized by dehydration and cycllzing 

35 polymerization with a solvent of polyphosphoric acid described in J. R Wolfe, Encyclopedia of Polymer Science and 
Engineering, 2"«* Ed., Vol. 11 , P. 601 (1 988), for example. Further, It is also possible to apply polymerization according 
to a similar mechanism employing a mixed solvent system of methanesulf onic acid and phosphorus pentoxide in place 
of polyphosphoric acid, in order to synthesize a poiybenzazole compound having high thenmal stability, polymerization 
employing generally used polyphosphoric acid Is preferable. 

40 [0093] In order to obtain a polybenzlmidazole compound as the inventive poiybenzazole compound. It Is also possible 
to use a method of synthesizing a precursor polymer having a polyamlde structure or the like through reaction in a 
proper organic solvent or in the fomn of a mixed material monomer melt and converting the same to a target polyiml- 
dazole structure by subsequent cycllzation through proper heat treatment or the like, for example, 
[0094] While the reaction time for synthesizing the inventive poiybenzazole compound is not unconditionally definable 

45 in consideration of the optimum reaction time depending on combination of the monomers, the thennal stability of the 
obtained poiybenzazole compound may be lowered in a system containing a monomer such as aromatic dicarboxylic 
acid having sulfonte acid group and/or phosphonic acid group in generally reported reaction over a long time, and the 
reaction time is preferably reduced In the range capable of attaining the effects of the present Invention In this case* 
A poiybenzazole compound having a large quantity of sulfonic acid groups can also be obtained with high themial 

50 stability by reducing the reaction time. 

[0095] While an optimum reaction temperature for synthesizing the inventive poiybenzazole compound is not un- 
conditionally definable because the optimum reaction temperature depends on the combination of monomers, It may 
be impossible to control the content of sulfonic acid groups and/or phosphonic acid groups in the obtained poiyben- 
zazole compound the reaction is can-led out at a high temperature as reported In literature and the reaction temperature 

55 is preferably lowered In the range capable of attaining the effects of the present invention in this case. Control of the 
content of sulfonic acid groups and/or phosphonic acid groups In a poiybenzazole compound may be possible by 
reducing the reaction temperature to some extent when the content of these groups is large. 
[0096] When the inventive poiybenzazole compound is a copolymer of these material monomers, the repeating units 
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are bonded to each other by random polymerization and/or alternating polymerization, so that the connpound exhibits 
stable performance as the material for a polymer electrolyte membrane. 

[0097] In order to synthesize the Inventive polybenzazole compound in the form of random copolymer and/or alter- 
nating copolymer, tt Is to charge all the monomers at the same time with equivalent ratios from the initial stage of 
5 polymerization. 

[0098] While the polybenzazole compound can be synthesized . not only by random polymerization or aitemating 
polymerization but also by block polymerization, it Is preferable to carry out polymerization after synthesizing an oli- 
gomer of a first component under charge conditions for monomer materials in compounding ratios displacing equiva- 
lence and further adding monomer materials for adjusting the compounding ratios to match equivalence also with 
10 reference to a second component. 

<Moiecular Weight and Inherent Viscosity of Polybenzazole Compounds 

[0099] While the molecular weight of the Inventive polybenzazole compound having sulfonic acid group and/or phos- 
is phonic acid group is not particularly restricted, the same is preferably at least 1 ,000, and more preferably at least 3,000. 
This molecular weight is preferably not more than 1 ,000,000, and more preferably not more than 200,000. If this mo- 
lecular weight Is less than 1 ,000, It is difficult to obtain a molding having excellent properties from the polybenzazole 
compound due to reduction of viscosity. If this molecular weight exceeds 1 ,000,000, it Is difficult to mold the polyben- 
zazole compound due to Increase of the viscosity. 
20 [0100] The molecular weight of the inventive polybenzazole compound having sulfonic acid group and/or phosphonlc 
acid group can be substantially evaluated by Inherent viscosity measured In concentrated sulfuric acid, This Inherent 
viscosity is preferably at least 0.25, and more preferably at least 0.40 in particular. Further, this inherent viscosity Is 
preferably not more than 10, and more preferably not more than 8 in particular. 

[0101] If this Inherent viscosity is less than 0.25, It is difficult to obtain a molding having excellent properties from the 
25 polybenzazole compound due to reduction of the viscosity. If this moiecuiar weight exceeds 10, it is difficult to mold 
the polybenzazole compound due to increase of the viscosity. 

[0102] Further, the moiecuiar weight of the inventive polybenzazole compound having sulfonic acid group and/or 
phosphonlc acid group can also be substantially evaluated by inherent viscosity measured In methanesulfonic acid. 
This Inherent viscosity is preferably at least 0.1 , and more preferably at least 0.3 In particular. Further, this Inherent 
30 viscosity is preferably not more than 50, and more preferably not more than 30 in particular. 

[0103] If this inherent viscosity is less than 0.1 , it is difficult to obtain a molding having excellent properties from the 
polybenzazole compound due to reduction of the viscosity. If this molecular weight exceeds 50, It is difficult to mold 
the polybenzazole compound due to increase of the viscosity. 

35 <Conductivity of Polybenzazole Compound> 

[01 04] One of the features of the inventive polybenzazole compound having sulfonic acid group and/or phosphonlc 
acid group resides In that the same has excellent Ion conductivity, and a polybenzazole compound Including an aromatic 
dlcarboxyiic acid bond unit having sulfonic acid group (also simply refen-ed to as a polybenzazole compound having 

40 sulfonic acid group In this specification) exhibits further excellent Ion conductivity in particular, 

[0105] In addition to the aforementioned basic properties, the conductivity of the inventive polybenzazole compound 
having sulfonic acid group and/or phosphonlc acid group obtained by measuring alternating Impedance when applying 
a voltage of 1 0,000 Hz in frequency under conditions of 80'C and 95 % RH (hereinafter simply referred to as conduc- 
tivity) is preferably at least 0.01 S/cm, and more preferably at least 0.02 S/cm If the conductivity is measured by a 

45 measuring method described later (the conductivity is hereinafter measured by a similar measuring method). This 
conductivity is preferably not more than 1 .0 S/cm, and more preferably not more than 0.90 S/cm. 
[0106] If this conductivity Is less than 0.01 S/cm, there is such a tendency that sufficient ion conductivity cannot be 
attained when the compound Is used as the material for a solid polymer electrolyte membrane for fuel ceils. An excess 
quantity of sulfonic acid groups and/or sulfonic acid groups must be Introduced into the polybenzazole compound so 

50 that this conductivity exceeds 1 .0 S/cm, and there is such a tendency that sufficient durability cannot be attained when 
the compound is used as the material for a solid polymer electrolyte membrane for a fuel cell. 

<Po'lybenzazole Compound Having Sulfonic Acid Group> 

55 [01 07] It is more preferable that the inventive polybenzazole compound Includes a benzoxazole bond unit and/or a 
benzothlazole bond unit and includes an aromatic dlcariaoxyiic acid unit having sulfonic acid group while the conductivity 
is at least 0.02 S/cm in addition to the aforementioned basic properties. In this case, the inventive polybenzazole 
compound is more suitably usable as the material for a solid polymer electrolyte membrane for fuel cells. 
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[01 08] Further, it is more preferable tf the inventive polybenzazole compound includes a benzoxazole bond unit and/ 
or a benzothiazoie bond unit and includes, an aromatic dicarboxyilc acid bond unit having at least one sulfonic acid 
group in molecules while inherent viscosity measured in a methanesulfonic aid solution is at least 0.1 dl/g and con- 
ductivity Is at least 0.3 S/cm in addition to the aforementioned basic properties. In this case, the inventive polybenzazole 
compound is further preferably usable as the material for the solid polymer electrolyte membrane employed for fuel 
cells. 

[0109] It is further preferable if the Inventive polybenzazole compound includes bond units expressed In the following 
formulas (1) and (2) in a molar ratio n^:{1 - n^) as components and the molar ratio satisfies an expression 0.5 in^ ^ 
1 .0 in addition to the aforementioned basic properties. In this case, the inventive polybenzazole compound is more 
preferably usable as the material for the solid polymer electrolyte membrane for fuel cells, if n^ is less than 0.5 In this 
case, there is unpreferably such a tendency that the conductivity is reduced: 



where m"* represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of and represents 
a bivalent bond unit expressed In either one of the following fomnuias (3) and (4) in each of the formulas (1) and (2). 
A"* and A^ may be identical to or different from each other 



where X represents either S atom or O atom In each of the fomiulas (3) and (4). 

[0110] In this case, the sulfonic acid group may be partially in the fomn of a salt such as an alicaline metal In the 
fonnula (1 ) so far as the conductivity is within the preferable range in the present invention. While the bivalent aromatic 
bond unit in the fonnula (1 ) is not particularly restricted, a p-phenylene group, an m-phenyiene group, a naphthalene 
group, a diphenylene ether group, a diphenylenesulfone group, a biphenyiene group, a terphenyl group, a 2,2-bis 
(4-carboxyphenyiene)hexafiuoropropane group or the iit<e can be listed, for example. 

[0111] Among these bivalent aromatic bond units, the p-phenyiene group Is particularly preferable. Further, A^ and 
A^ are preferably identical to each other, and more preferably in the structure expressed in the above formula (3). 
[0112] in addition, it is more preferable if n** Is at least 0.75. Further, It is more preferable If m^ Is 1 or 2. When 
satisfying these conditions, the Inventive polybenzazole compound Is further preferably usable as the material for the 
solid polymer electrolyte membrane for fuel cells. 

<Polybenzazole Compound Having Phosphonic Acid Group> 

[0113] The Inventive polybenzazole compound is further preferable also when satisfying such conditions that the 
same is a polybenzazole compound including an aromatic dicarboxyilc acid bond unit having phosphonic acid group 
as a component (also simply referred to as a polybenzazole compound having phosphonic acid group in this specifi- 
cation) and the conductivity is at least 0.001 S/cm in addition to the aforementioned basic properties. Also in this case, 
the inventive polybenzazole compound has excellent ion conductivity, and Is further preferably usable as the material 
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for the polymer electrolyte membrane for fuel cells. 

[0114] While the phosphonic acid group Introduclble Into the Inventive polybenzazole compound Is not particularly 
restricted in this case, a phosphonic acid group can be Introduced Into the polybenzazole compound by employing a 
monomer consisting of aromatic dicarboxylic add having phosphonic acid such as 2,5-dicarboxyphenylphosphonic 

5 acid, 3,5-dicarbo)cyphenylphosphonlc acid, 2,5-blsphosphonoterephthallc acid or the like and a derivative thereof, for 
example. While the structure of the phosphonic acid group of the polybenzazole compound having the phosphonic 
acid group Is not particularly restricted, the phenylphosphonic acid group type described above is preferable. 
[01151 The Inventive polybenzazole compound having phosphonic acid group is further preferable when the same 
Includes a benzoxazole bond unit as a primary component and includes an aromatic dicarboxylic acid bond unit having 

10 phosphonic acid group while the conductivity is at least 0.01 S/cm. In this case, the inventive polybenzazole compound 
is further preferably usable as the material for the solid polymer electrolyte membrane for fuel cells. 
[0116] The inventive polybenzazole compound having phosphonic acid group preferably contains no fluorine atom. 
This Is because the Inventive polybenzazole compound having a phosphonic acid group can exhibit excellent durability, 
heat resistance, water resistance and mechanical strength without containing fluorine atoms, and because the pro- 

15 duction process becomes complex and the cost increases if the compound contains fluorine atoms. Further, there is 
such a tendency that resistance against methanol Is decreased when the compound contains fluorine atoms, leading 
to a disadvantage for sen/Ing as the solid polymer electrolyte membrane for fuel ceils. The inventive polybenzazole 
compound having phosphonic acid group described below similariy preferably contains no fluorine atom. 

20 <Solublilty in Organic Solvent> 

[0117] The Inventive polybenzazole compound Is further preferable If the same is a polybenzazole compound in- 
cluding polyimidazole bond unit as a component and Including aromatic dIcariDoxyllc acid bond unit having sulfonic 
acid group and/or phosphonic acid group (also simply referred to as a polyimidazole compound having sulfonic acid 

25 group and/or phosphonic group acid in this specification) and satisfies such conditions that solubility in N-methylpyr- 
rolidone (also simply abbreviated as NMP In this specification) is at least 5 % (w/w) and inherent viscosity measured 
in concentrated sulfuric acid is at least 0.25 di/g in addition to the aforementioned basic properties. 
[0118] Polybenzazole compounds generally have low solubility and may frequently be dissolved only In a strong 
acidic solvent. When forming a solid polymer electrolyte membrane by a wet method from a strong acidic solution, the 

30 membrane structure is so readily heterogenized that It Is difficult to prepare a solid polymer electrolyte membrane 
maintaining stable perfomriance. When the polybenzazole compound Is soluble In an organic solvent such as NMP, 
however, a membrane can be prepared by dry method so that the solid polymer electrolyte membrane which exhibits 
stable membrane performance over a long period can be readily prepared . 

[0119] In this case, therefore, the Inventive polybenzazole compound having excellent solubility In NMP can be re- 
35 garded as a polymeric material excellent in moldablllty and ion conductivity, and is further preferably usable as the 
material for the solid polymer electrolyte membrane for fuel cells. If the solubility of the Inventive polybenzazole com- 
pound in NMP is less than 5 % (w/w), a large quantity of solvent is required for obtaining a solid polymer electrolyte 
membrane having a desired thicl<ness and hence homogeneity of the membrane tends to be damaged, 
[0120] The Inventive polybenzazole compound is further remarkably preferable If the same is a polybenzazole com- 
40 pound including a benzoxazole bond unit as a component (also simply referred to as a polybenzoxazoie compound in 
this specification) and includes an aromatic dIcartDoxylic acid bond unit having at least one sulfonic acid group In mol- 
ecules while satisfying such conditions that inherent viscosity measured In a methanesulfonic acid solution is at least 
0.1 dl/g and solubility In dimethylsulfoxide at 40*'C is at least 1 % (w/w) in addition to the aforementioned basic prop- 
erties. 

45 [0121] Dimethylsulfoxide, which can dissolve various substances and is relatively readily removable by drying, Is a 
kind of solvent suitably employed for the processing of polymeric materials. If the inventive polybenzazole compound 
has solubility in dimethylsulfoxide at least 1 % (w/w) under the 40*^0 condition, the compound can be slowly dried under 
a relatively low temperature condition around 40'C for obtaining a dense and homogeneous solid polymer electrolyte 
membrane. If the solubility of the Inventive polybenzazole compound In dimethylsulfoxide at 40*C is less than 1 % (w/ 

50 a large quantity of solvent is required in order to obtain a solid polymer electrolyte membrane having a desired 
thickness and hence homogeneity of the membrane tends to be damaged. If the inventive polybenzazole compound 
is dissolved in dimethylsulfoxide under a temperature condition higher than 40°C, there Is an unpreferable tendency 
that the polybenzazole compound causes decomposition or the like during the dissolution. 
[0122] The Inventive polybenzazole compound is further remarkably preferable when the same includes bond units 

55 expressed In the following fonnulas (5) and (6) In a molar ratio - n^) as components and the molar ratio satisfies 
an expression 0.85 ^ n^ ^ 1 .0 while the compound satisfies such a condition that sulfonic acid groups In the fonn of 
alkaline metal salts are not more than 1 5 mol % among all sulfonic acid groups in addition to the aforementioned basic 
properties, in this case, the inventive polybenzazole compound exhibits excellent solubility in dimethylsulfoxide. and 
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is further preferably usable as the material for the solid polymer electrolyte membrane for fuel celts: 



(S03H)„^ 




10 



(6) 



15 where m^ represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of and A* represents 
a bivalent bond unit expressed In either one of the following fomnulas (7) and (8) in each of the fomnulas (5) and (6). 
A3 and A^ may be Identical to or different from each other. 
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35 



[0123] The inventive polybenzazole compound is further remarkably preferable if the same includes bond units ex- 
pressed in the following formulas (9) and (1 0) in a molar ratio n^:{1 - n^) as components and the molar ratio satisfies 
an expression 0.85 < n^ s 1 .0 while the compound satisfies such a condition that sulfonic acid groups In the form of 
ailcaline metal salts are not more than 1 0 mol % among all sulfonic acid groups In addition to the aforementioned basic 
properties. In this case, the inventive polybenzazole compound exhibits excellent solubility in dimethylsulfoxide, and 
Is further preferably usable as the material for the solid polymer electrolyte membrane for fuel cells: 



40 



45 



so 



55 




■\-b'-a' 
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(9) 



(10) 



where m^ represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following fomiulas (11) and (12) In each of the formulas (9) and 
(1 0). A^ and A^ may be identical to or different from each other. 
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(11) 



(12) 



[0124] In this case, further, the aforementioned polybenzoxazole compound having sulfonic acid group excellent in 
solubility in dimethylsutfoxide further preferably provides a poiybenzazoie compound particularly excellent in process- 
ability and Ion conductivity If the same satisfies such a condition that the conductivity is at least 0.3 S/cm in addition 
to the aforementioned basic properties. 

<Mass Reduction by Water lmmerslon> 

[0125] It is further preferable If the inventive polybenzazole compound has at least 1 .5 meq/g of sulfonfc acid groups 
and/or phosphonic acid groups in molecules and reduction of mass when immersed in water of 25'*C for 72 hours (also 
simply referred to as mass reduction by water Immersion in this specification) is not more than 5 % in addition to the 
aforementioned basic properties. When mass reduction by water Immersion is not more than 5 % in the Inventive 
poiybenzazoie compound, physical properties are not reduced by dissolution or swelling but the compound is further 
preferably usable as the material for the solid potymer eiectrotyte membrane for fuel cells. 

[0126] When the inventive poiybenzazoie compound contains a low-molecular weight component, It is also useful 
to previously repreclpltate the Inventive poiybenzazoie compound in water for removing the low-molecuiar weight com- 
ponent having high water solubility. 

[0127] The aforementioned poiybenzazoie compound characterized in that mass reduction by water Immersion Is 
small is further preferable If the same includes bond units expressed In the following fonmulas (1 3) and (1 4) in a molar 
ratio n^:(1 - n^) as components and the molar ratio satisfies an expression 0.4s n^s 1 .0 in addition to the aforementioned 
basic properties. In this case, the Inventive poiybenzazoie compound is particularly excellent In water resistance and 
further preferably usable as the material for the solid polymer electrolyte membrane forfuel cells: 



where m^ represents an integer of 1 to 4, B"^ represents a bivalent aromatic bond unit and each of and represents 
a bivalent bond unit expressed in either one of the following fomnulas (15) and (16) In each of the fomiulas (13) and 
(14). A^ and A^ may be Identical to or different from each other: 




(S03H);,4 



4-B*-aMi^4 (14) 
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5 




(16) 



where X represents either S atom or O atom in each of the fomiutas (15) and (16). 

[0128] The aforementioned inventive polybenzazoie compound characterized in that mass reduction by water im- 

10 merslon Is small Is further preferable If the same is a polybenzoxazole and/or poiybenzothlazole compound having a 
sulfonic acid group and satisfies such a condition that the conductivity Is at least 0.3 S/cm In addition to the aforemen- 
tioned basic properties, in this case, as the inventive polybenzazoie compound having small mass reduction by water 
immersion simultaneously shows high conductivity, the same can be regarded as a polybenzazoie compound partic- 
ularly excellent in water resistance and ion conductivity, and is further preferably usable as the material for the solid 

IS polymer electrolyte membrane for fuel cells. 

[0129] The aforementioned Inventive polybenzazoie compound characterized in that mass reduction by water im- 
mersion preferably has at least 1 .5 meq/g of sulfonic acid groups in molecules, and more preferably has at least 2.5 
meq/g of sulfonic acid groups in molecules In addition to the aforementioned basic properties. In this case, as the 
Inventive polybenzazoie compound having small mass reduction by water Immersion simultaneously shows high con- 

20 ductivity, the same can be regarded as a polybenzazoie compound particularly excellent In water resistance and ion 
conductivity, and is further preferably usable as the material for the solid polymer electrolyte membrane for fuel ceils. 
[01 30] Further, the aforementioned inventive polybenzazoie compound characterized in that mass reduction by water 
Immersion Is small is further preferable if the same contains at least 2.6meq/g of sulfonic acid groups and/or phosphonic 
acid groups in molecules, mass reduction by water immersion at 25'C is not more than 5 % (w/w) and solubility In 

25 dimethylsulfoxide under a 40''C condition Is at least 1 % (w/w) in addition to the aforementioned basic properties. 
[0131] In this case, the inventive polybenzazoie compound can be regarded as a polybenzazoie compound partic- 
ularly excellent in processabllity and water resistance, and Is further preferably usable as the material for the solid 
polymer electrolyte membrane for fuel cells. Among such polybenzazoie compounds, a polybenzazoie compound hav- 
ing at least 2.5 meq/g of sulfonic acid groups In molecules Is particularly preferable. 

30 [0132] The aforementioned Inventive polybenzazoie compound having both water resistance and solubility in dimeth- 
ylsulfoxide is further preferable If the same Is the polybenzazoie compound according to claim 20 Including bond units 
expressed in the following fonmulas (1 7) and (1 8) in a molar ratio r\^:{\ - n^) as components with the molar ratio satisfying 
an expression 0.85 ^ n^ s 1.0 in addition to the aforementioned basic properties. In this case, the Inventive polyben- 
zazoie compound is particularly excellent in processabllity and water resistance, and further preferably usable as the 

35 material for the solid polymer electrolyte membrane employed for fuel ceils: 



where m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of and A^° represents 
a bivalent bond unit expressed in either one of the following fonnulas (19) and (20) in each of the fonnulas (17) and 
so (1 8). A® and A^° may be identical to or different from each other 



40 




45 



^s'-a\^s (18) 



55 




21 



1 



EP1 354 907A1 



5 




where X represents either S atom or O atom in each of the formulas (19):and (20). 

[01 33] In relation to the aforementioned inventive polybenzazole compound having both water resistance and solu- 
10 bility In dimethylsulfoxide, a polybenzazole compound having conductivity of at least 0.3 S/cm is a polybenzazole 
compound exhibiting excellent performance also in ion conductivity in addition to processability and water resistance, 
and Is further preferable. 

<Mass Reduction by Heat> 

15 ^ 

[0134] In general, a sulfonic acid group and/or a phosphonic acid group bonded to an aromatic ring readily causes 
desulfonation and/or dephosphonatlon by heat. Therefore, an aromatic polymer having sulfonic acid group and/or 
phosphonic acid group is generally inferior in thermal stability. 

[0135] While Ion conductivity Is generally Increased as the quantity of sulfonic acid groups and/or phosphonic acid 
20 groups contained In the polymer is increased, thennal decomposition starts with elimination of sulfonic acid groups 
and/or phosphonic acid groups in the polymer having sulfonic acid groups and/or phosphonic acid groups and hence 
a thermal decomposition temperature Is decreased as the quantity of sulfonic acid groups and/or phosphonic acid 
groups is increased. No technique capable of solving this problem at a satisfactory level has been heretofore disclosed, 
and obtaining a polymeric material excellent in both Ion conductivity and heat resistance capable of fomriing a material 
25 for a solid polymer electrolyte membrane remains as an unsolved subject In this technical field. 

[0136] On the other hand, the Inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid 
group is excellent In thennal stability. The inventive polybenzazole Is further preferable If the conductivity Is at least 
0.01 S/cm and the temperature at which 3 % mass reduction occurs based on the mass at 200<»C in thennogravimetry 
(also abbreviated as TGA In this specification) (simply refen-ed to as a 3 % mass reduction temperature in this sped- 
30 f Ication) is at least 370**C In addition to the aforementioned basic properties. This 3 % mass reduction temperature is 
further preferably at least 4O0''C, and most preferably at least 440*'C. 

[0137] In this case, the Inventive polybenzazole compound particularly excellent in Ion conductivity and heat resist- 
ance Is further preferably usable as the material for the solid polymer electrolyte membrane for fuel cells, and can be 
regarded as an answer to the aforementioned problem. 

35 [0138] The aforementioned Inventive polybenzazole compound excellent in thermal stability is further preferable If 
the same is polybenzazole having phosphonic acid group and satisfies such a condition that the 3 % mass reduction 
temperature is at least 400°C in addition to the aforementioned basic properties. This 3 % mass reduction temperature 
is further preferably at least 420''C, and most preferably at least 450*0. Also In this case, the Inventive polybenzazole 
compound particularly excellent in ion conductivity and heat resistance Is further preferably usable as the material for 

40 the solid polymer electrolyte membrane for fuel cells, and can be regarded as an answer to the aforementioned problem 
not solved by the prior art. 

[0139] In relation to the aforementioned polybenzazole compound having phosphonic acid group excellent in themnal 
stability, a polybenzazole compound having solubility of at least 5 % (w/w) in NMP is further preferable. In this case, 
the inventive polybenzazole compound is particularly excellent also in processability along with durability/stability under 
45 a high temperature, and Is further preferably usable as the material forthe solid polymer electrolyte membrane for fuel 
cells. It can be said further preferable if this polybenzazole compound is a polybenzimldazole compound in addition to 
the excellent solubility in NMP. 

[0140] If the phosphonic acid group-containing polybenzazole compound excellent in durability and processability 
at high temperatures shows the conductivity at least 0,001 S/cm, the compound is further preferable in the point that 
50 the same is excellent also In Ion conductivl^ In addition to durability and processability at high temperatures. 

<Polybenzlmldazole Compound Having Sulfonic Acid Groups 

[0141] Among the Inventive polybenzazole compounds heretofore described, a polybenzazole compound including 
55 bond units expressed In the following formulas (21) and (22) in a molar ratio nS:{1 • n®) and satisfying an expression 
0.2 s n® ^ 1 .0 in addition to the aforementioned basic properties is most preferable. In this case, the Inventive poly- 
benzazole compound Is excellent also in solvent resistance and mechanical strength along with durability/stability at 
high temperatures and is further preferably usable as the material for the solid polymer electrolyte membrane for fuel 
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(S03H)^e 




where represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected 
from a group consisting of -0-, -SOg-, -C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent bond unit in 
each of the fonnulas (21) and (22). 

[0142] If n® = 1 .0, the Inventive polybenzazole compound forms a homopolymer that ail repeating units contain sul- 
fonic acid groups. In the aforementioned polybenzimidazole compound having sulfonic acid group excellent also In 
solvent resistance and mechanical strength along with durability/stability at high temperatures, it Is difficult to hold high 
ion conductivity while holding water resistance If m^ S 4. 

[0143] While aromatic tetramlnes capable of serving as monomers for the benzlmidazole bond units having the 
structures expressed In each of the fonnulas (21) and (22) Is not particularly restricted, 3,3'-4,4'-tetramlnodiphenyl 
ether, 3,3'-4,4'-tetraminodiphenylsulfone, 2,2-bis(3,4-diamlnophenyI)propane, 2,2-bis(3,4-diamlnophenyl)hexafluoro- 
propane, bis(3,4,-dlaminophenoxy)benzene and the like and derivatives thereof can be listed, for example. As specific 
examples of these derivatives, salts with acid such as hydrochloric acid, sulfuric acid and phosphoric acid can be listed. 
[0144] While these aromatic tetramlnes may be singly used, it is also possible to simultaneously use a plurality of 
such materials. Further, these aromatic teramines may contain a well-known antioxidant such as tin (II) chloride or a 
phosphorous acid If necessary. 

[0145] Aromatic dicart)oxylic acid having sulfonic acid group capable of fomiing the monomer for the benzlmidazole 
bond unit having the structure of the fomiula (21) Is not particularly restricted but compounds containing one to four 
sulfonic acid groups In aromatic dicarboxyllc acid can be used. 

[0146] As specific examples, aromatic dicarboxyllc acid having sulfonic acid such as 2,5-dicarboxybenzenesulfonic 
acid, 3,5-dlcarboxybenzenesulfonlc acid, 2,5-dlcarboxy-1,4-benzenedisulfonic acid, 4,6-dicart)oxy-1,3-benzendisul- 
fonic acid and 2,2'-disulfo-4,4'-blphenyldlcarboxyiic acid and derivatives thereof can be listed. As specific examples of 
these derivatives, salts with alkaline metal such as of sodium and potassium and an ammonium salt can be listed. 
[0147] While such aromatic dicarfeoxylic acid having sulfonic acid group may be singly employed, it is possible to 
synthesize the inventive polybenzazole compound by reacting the aromatic dicarboxylic acid with aromatic dicarboxyllc 
acid having no sulfonic acid group capable of forming the monomer for the benzlmidazole bond unit having the structure 
of the fomiula (22) in the fomi of copolymeiizatlon. 

[0148] While aromatic dicarboxyllc acid having no sulfonic acid group employable for synthesizing the Inventive 
polybenzazole compound along with such aromatic dicarboxylic acid having sulfonic acid group is not particularly 
restricted, It is possible to use general aromatic dicarboxylic acids reported for the preparation of polyesters such as 
terephthalic acid, isophthalic acid, naphthalenedlcarboxylic acid, diphenyl ether dicarboxylic acid, diphenylsulfonedl- 
carboxyllc acid, biphenyl dicarboxylic acid, terphenyldicarboxylto acid or 2,2-bis(4-carboxyphenyl)hexafluoropropane, 
for example. 

[0149] The purity of aromatic dicarboxyllc acid having a sulfonic acid group is not particularly restricted but at least 
98 % Is preferable and at least 99 % is more preferable. This is because a polyimidazole compound polymerized from 
an aromatic dicarboxylic acid having sulfonic acid group exhibits such a tendency that the degree of polymerization Is 
lowered as compared with a case of employing aromatic dicarboxylic acid having no sulfonic acid group and hence It 
Is preferable to employ aromatic dicarboxyllc acid having sulfonic acid group with the highest possible purity. 
[0150] When using aromatic dicarboxylic acid having no sulfonic acid group with aromatic dicarboxylic acid having 
sulfonic acid group, it is possible to clarify an excellent effect of the inventive polybenzazole compound having a sulfonic 
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acid group for serving as the material used for the solid polymer electrolyte membrane for fuel cells by setting the 
content of aromatic dicarboxyiic acid having a sulfonic acid group to at least 20 mol % in the total aromatic dicarboxyllc 
acid. In order to derive the said effect of the Inventive potybenzazole compound having sulfonic acid group In a salient 
forni, it is further preferable to set the content of aromatic dicarboxyiic acid having sulfonic acid group to at least 50 
5 mol % in the total aromatic dicarboxyiic acid. 

[0151] It Is repeated that the aforementioned inventive polybenzimidazole compound having sulfonic acid group Is 
excellent in durability, solvent resistance and mechanical properties. For example, the molecular weight reduction by 
hydrolysis in hot water is small, swelling In an acidic aqueous solution is also small, and there is.no apprehension of 
breaking even if the membrane is thin. 

10 

<Resin Composltlon> 

[0152] Also when the Inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group 
is singly compounded Into a resin composition as a main component, the obtained resin composition is preferably 
IS usable as the material for the solid polymer electrolyte membrane for fuel cells. However, the inventive polybenzazole 
compound having sulfonic acid group and/or phosphonic acid group Is not restricted to single use but the obtained 
resin composition is preferably usable as the material for the solid polymer electrolyte membrane for fuel cells also 
when the compound is compounded as the main component along with a polybenzazole compound having no ionic 
group. 

20 [0153] It is assumed that the polybenzazole compounds having no ionic group compoundable with the Inventive 
polybenzazole compound having sulfonic acid group and/or phosphonic acid group (also simply referred to as a poly- 
benzazole compound having no ionic group) denotes aromatic poiyoxazoles, aromatic polythiazoies, aromatic poly- 
imldazoies, compositions containing the same and copolymers thereof. 

[0154] In other words, the Inventive resin composition contains the Inventive polybenzazole compound having sul- 
25 fonic acid group and/or phosphonic acid group and polybenzazole compound having no Ionic group. It is assumed that 
the Inventive resIn composition also Includes a resIn composition consisting of the inventive polybenzazole compound 

having sulfonic acid group and/or phosphonic acid group alone. 

[0155] The polybenzazole compound having no ionic group compoundable with the inventive resin composition Is 
generally a polybenzazole compound containing a repeating unit having the structure of the following fonnula (31) as 
30 a component: 



— S—R^— (31) 
X X 

where R*" represents a quadrivalent aromatic bond unit capable of fomning an azole ring, and X represents O atom, S 
40 atom or NH group in the fonnula (31). R2 represents a bivalent aromatic bond unit. Each of R^ and R2 may be a single 
aromatic ring, several aromatic rings or a fused ring, and may have one or more stable substituent groups. Further, 
each of R^ and R2 may have a hetero ring structure provided with N atoms, S atoms, O atoms etc. In the aromatic ring 
thereof, 

[0156] The polybenzazole compound having no ionic group compoundable Into the inventive resin composition can 
45 also be presented as a repeating unit having the structure shown in the following formula (32): 



50 




where X represents O atom, S atom or NH group in the fonnula (32). R^ represents a trivalent aromatic bond unit 
capable of tonning an azole ring. 
55 [0157] The polybenzazole compound having no ionic group compoundable into the inventive resin composition may 
be a polybenzazole compound containing repeating units consisting of the bond units expressed In both of thefomnulas 
(31) and (32). 

[01 58] While the polybenzazole compound having no Ionic group compoundable into the inventive resin composition 
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is not particularly restricted, poly{(ben2[1 ,2-d:5,4-d']bisoxazole-2,6-dlyl)-1 ,4-phenylene), poly{(Ben2[1 ,2-d:5.4-dT 
blsoxazole-2,6-dly!)-1 ,4-phenylene}, poly{benz[1 ,2-d:5,4-d']blsthia2ole-2,6-dlyl}-1 ,4-phenylene}, poly{(benz[1 ,2-d: 
4,5-d']blsthlazole-2,6-dlyl)-1 ,4-phenylenel, poly{(benz[1 .2-d:5,4-d']blslmldazole-2,6-d}yl)-1 ,4-phenylene}, poly{benz 
{1 ,2-d:4,5-d1blsimlda20le-2.6-dlyl}-1 ,4-phenylene}. poly{2^'-(p-phenylene)-6,6'-blbenzoxazole}, poly{2,2'-(m-phe- 
5 nyIene)-6,6'-blbenzoxazolB}, poly{2,2'-(p-phenylene)-6,6'-blbenzthlazole}, poly{2,2'-(m-phenylene)-6,6'-biben2thla- 
zole}.poly{2,2'-(p-phenylene)-6,6'-blben2lnrilda2ole},poly{2,2'-{m-phenylene)-6,6'-blbenzimldazole}, poly(2,6-benzox- 
azole), poly(2,5-benzoxazole). poly(2,6-benzthlazole). poly{2,5-benzthiazole), poly(2,6-benzimida2ole), poly(2,5-ben- 
zimidazole) and the like can be listed, for exannple. 

[0159] Among these compounds, poly{(benz[1,2-d:5,4-d']blsoxazole-2,6-dlyl)-1 ,4-phenylene}, poly{(Benz[1 ,2-d: 
10 4.5-d']blsoxazole-2,6-dlyl)-1 ,4-phenylBne), poly{(benz[1,2-d:5,4-d']blsthlazole-2,6-dlyl)-1 ,4-phenylene}, poly{(benz 
[1 ,2-d:4,5-d']blsthlazole-2,6-diyl)-1 ,4-phenylene}, poly(2,6-ben20xa2ole), poly{2,5-ben2oxa2o(e), poly(2,6-ben2thla- 
zole), poly(2,5-benzthlazole) and the like are particularly preferable for the polybenzazole compounds having no Ionic 
group compoundable into the inventive resin composition. 

[0160] The degree of polymerization of the polybenzazole compound having no Ionic group compoundable into the 
15 Inventive resin composition Is preferably such a degree of polymerization that inherent viscosity measured In meth- 
anesulfonic acid is at least 0.5 di/g, and more preferably such a degree of polymerization that the Inherent viscosity Is 
at least 1 dl/g. Further, this degree of polymerization Is preferably such a degree of polymerization that the aforemen- 
tioned inherent viscosity Is not more than 50 dl/g, and more preferably such a degree of polymerization that the inherent 
viscosity is not more than 30 dl/g. Moldablllty and mechanical properties of the resin composition tend to decrease If 
20 the compound has such a degree of polymerization that the aforementioned inherent viscosity is less than 0.5 di/g, 
while processabllity of the resin composition tends to decrease if the compound has such a degree of polymerization 
that the aforementioned inherent viscosity exceeds 50 dl/g. 

[0161] The content of the polybenzazole compound having no ionic group In the Inventive resin composition Is pref- 
erably at least 1 mass % with respect to the mass of the overall resin composition, and more preferably at least 10 

25 mass %. This content Is preferably not more than 99 mass %, more preferably not more than 50 mass %, and most 
preferably not more than 30 mass %. l\4oldabillty and mechanical properties tend to lower If this content Is less than 1 
mass %, while target characteristics for serving as a polymer electrolyte tend to lower if this content exceeds 99 mass %. 
[0162] A well-known arbitrary method can be employed for mixing the inventive polybenzazole compound having 
sulfonic acid group and/or phosphonic acid group and the polybenzazole compound having no Ionic group with each 

30 other. While the compounds can be dissolved In a proper solvent and mixed with each other, melted/kneaded or pul- 
verized and mixed with each other, the method is not restricted to these. 

[0163] Among these mixing methods, the method of dissolving the compounds in a solvent and mixing the same 
with each other Is preferable in consideration of simplicity of preparation steps, the preparation cost and the quality. 
More specifically, solutions dissolving the compounds may be mixed with each other, or the compounds may be simul* 

35 taneousty mixed with each other and dissolved. 

[0164] While an aprotic polar solvent such as N,N-dlmethylacetamlde, N,N-dimethylfon7iamlde, dimethylsuifoxide, 
N-methylpyrrolidone and hexamethylphosphonamide or strong add such as polyphosphoric acid, methanesuifonic 
acid, sulfuric acid and trifluoroacetic acid can be employed as the solvent for dissolving the compounds, the solvents 
are not restricted to these. While these solvents may be singly employed, a plurality of such solvents may be mixed 

40 with one another and used In a possible range. Further, a solution prepared by adding Lewis acid such as lithium 
bromide, lithium chloride or aluminum chloride into an organic solvent may be employed as the solvent system for 
dissolving the compounds as means for improving solubility of the compounds. 

[0165] The total concentration of the Inventive polyben2azole compound having sulfonic acid group and/or phos- 
phonic acid group and the polybenzazole compound having no Ionic group In the aforementioned solution Is preferably 
45 at least 0.1 mass %, and more preferably at least 0.5 mass %. This total concentration Is preferably not more than 30 
mass %, and more preferably not more than 5 mass %. Moldablllty of the resin composition tends to lower If this total 
concentration is less than 0.1 mass %, while processabllity of the resin compound tends to lower if this total of the 
concentrations exceeds 30 mass %. 

so <Resin Moldlng> 

[01 66] The inventive resin molding contains the inventive polybenzazole compound having sulfonic acid group and/ 
or phosphonic acid group. 

[0167] In other words, the inventive resin molding can be prepared by molding a resin composition containing the 
55 inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group or a solution obtained by 
dissolving the resin composition into the form of fiber or a film by an arbitrary well-known molding method such as 
extrusion, spinning, rolling or casting. 

[01 68] Among these molding methods, a method of molding the inventive resin composition from a solution obtained 
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by dissolving the same in a proper solvent is preferable. Therefore, the Inventive resin molding prepared by molding 
the inventive resin composition necessarily contains the Inventive polybenzazole compound having sulfonic acid group 
and/or phosphonic acid group. 

[0169] While a proper solvent can be selected from aprotic polar solvents such as N.N-dimethylacetamlde, N,N- 
5 dimethylfonnamlde, dimethylsulfoxide, N-methylpyrrolidone and hexamethylphosphonamide or strong acids such as 
polyphosphoric add, methanesulfonic acid, sulfuric acid and tiifluoroacetic acid as the solvent for dissolving the Inven- 
tive resin composition, the solvents are not particulariy restricted to these. 

[0170] While these solvents may be singly employed, a plurality of such solvents may be mixed with one another 
and used In a possible range. Further, a solution prepared by adding Lewis acid such as lithium bromide, lithium chloride 
^0 or aluminum chloride into an organic solvent may be employed as the solvent system, as means for Improving solubility 
of the Inventive resin composition. 

[0171] The concentration of the inventive resin composition in the solution is preferably at least 0.1 mass %, and 
more preferably at least 1 mass %. Further, this concentration Is preferably not more than 30 mass %, and more 
preferably not more than 25 mass %. Moldabillty of the resin molding tends to decrease If this concentration Is less 

IS than 0.1 mass %, while processablllty of the resin molding tends to decrease If this concentration exceeds 30 mass %. 
[0172] Further, a well-known molding method can be employed as the method of obtaining the resin molding from 
the solution containing the Inventive resin composition. For example, the resin molding containing the resin composition 
containing the polybenzazole compound having sulfonic acid group and/or phosphonic acid group can be obtained by 
removing the solvent by heating, vacuum drying, immersion In a non-solvent miscible with the solvent dissolving the 

20 resin composition but substantially incapable of dissolving the resin composition or the lllce. 

[0173] If the solvent for dissolving the inventive resin composition Is an organic solvent, It is preferable to distill away 
the solvent by heating or vacuum drying. If this solvent is strong acid. It is preferable to Immerse the same in water, 
methanol or acetone. At this time, the solution can be molded into fiber or a film In the form of a composite with another 
resin composition at need. For example. It is convenient to obtain an excellent molding when combining the resin 

25 composition with another resin composition containing a polybenzazole compound with similar solubility. 

<Solld Polymer Electrolyte Membrane> 

[0174] The inventive solid polymer electrolyte membrane contains the Inventive polybenzazole compound having 

30 sulfonic acid group and/or phosphonic acid group. 

[0175] The Inventh^e polybenzazole compound having sulfonic acid group and/or phosphonic acid group having 
excellent Ion conductivity Is suitable for a film or a membrane to be used as an ion exchange membrane for a fuel cell 
or the like. Therefore, the Inventive solid polymer electrolyte membrane Is also excellent In ion conductivity and suitably 
used as an Ion exchange membrane for a fuel cell or the like. 

35 [0176] The inventive solid polymer electrolyte membrane can be obtained by molding the resin composition contain- 
ing the inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group. 
[0177] A preferable method of preparing a membrane mainly composed of the resin composition containing the 
Inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid group Is casting from a solution 
containing the inventive resin composition. The membrane containing the resin composition containing the polyben- 

40 zazole compound having sulfonic acid group and/or phosphonic acid group can be obtained by removing the solvent 
from the cast solution as described above. 

[0178] in this case, the solvent Is preferably removed by drying In view of homogeneity of the membrane. The solvent 
is preferably dried under a low pressure at the lowest possible temperature, in order to prevent the resin composition 
and the solvent from decomposition and alteration. A glass plate or a Teflon plate can be employed as a cast substrate. 
45 If the solution has high viscosity, the substrate or the solution is heated and cast at high temperature so that the viscosity 
of the solution is reduced and the solution can be readily cast. 

[0179] In this case, the thickness of the cast solution (also simply referred to as a cast thickness in this specification) 
Is not particularly restricted but Is preferably at least 1 0 fim, and more preferably at least 1 00 jim. Further, this thickness 
is preferably not more than 1000 \m, and more preferably not more than 500 \m. There Is such a tendency that the 

50 membrane obtained from the cast solution cannot keep its fomn If this thickness Is less than 100 \vm, while there is 
such a tendency that a heterogeneous membrane Is readily fonned If this thickness exceeds 1 000 [im. 
[0180] Further, a well-known method can be employed for controlling the cast thickness. For example, the cast thick- 
ness can be kept constant through an applicator or a doctor blade or the cast area can be kept constant with a glass 
dish orthe like for controlling the cast thickness constant In response to the quantity or the concentration of the solution. 

55 [0181] A more homogeneous membrane can be obtained by adjusting the speed for removing the solvent from the 
solution cast In the aforementioned manner. When heating the solution, for example, the heating temperature may be 
set low in an Initial stage for reducing the evaporation rate. When immersing the solution in a non-solvent such as 
water, the rate of solidification of the polymer can be adjusted by leaving the solution In the air or inert gas for a proper 
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time or the like. 

[0182] The Inventive solid polymer electrolyte membrane, which can be set to an arbitrary thickness In response to 
Its object, is preferably as thin as possible in consideration of Ion conductivity. More specifically, the thickness Is pref- 
erably not more than 200 urn, more preferably not more than 50 jim, and most preferably not more than 20 \im. 

5 [01 83] On the other hand, the inventive solid polymer electrolyte membrane, which can be set to an arbitrary thickness 
in response to Its object, is preferably as thick as possible in consideration of mechanical strength. More specifically, 
the thickness is preferably at least 5 jtm, more preferably at least 1 0 |im, and most preferably at least 20 \im. 
[01 84] The membrane according to the present Invention Is excellent In durability, solvent resistance and mechanical 
properties. For example, deterioration under a high temperature is small as the durability, swelling in an acidic aqueous 

10 solution is also small as the solvent resistance, and there Is no apprehension of breaking or the (ike in handling of the 
. membrane as the technical properties. Further, the membrane containing the inventive polymer structure as the main 
component can also be utilized as a paint such as binder resin for preparing an assembly of the inventive ion exchange 
membrane and an electrode. 

IS < Solid Polymer Electrolyte Membrane/Electrode Assembly> 

[0185] The resin composition containing the Inventive potybenzazole compound having sulfonic acid group and/or 
phosphonic acid group can be preferably used In an assembly of a soiid polymer electrolyte and electrode catalytic 
layers fomied by a solid electrolyte membrane and the electrode catalytic layers bonded to both surfaces thereof as 

20 a component of the solid polymer electrolyte membrane/electrode assembly. 

[01 86] At this time, the inventive polybenzazoie compound having sulfonic acid group and/or phosphonic acid group 
preferably has at least 1 .5 meq/g of sulfonic acid groups and/or phosphonic groups in molecules In view of ion con- 
ductivity, and particularly preferably has at ieast 2.5 meq/g of sulfonic add groups and/or phosphonic groups. 
[0187] The feature of the Inventive polymer electrolyte membrane/electrode assembly resides In that the solid pol- 

25 yelectrolytic membrane and/or the electrode catalytic layers contain the Inventive polybenzazoie compound having 
sutfonic acid group and/or phosphonic acid group. ( 

[0188] In the inventive polymer electrolyte membrane/electrode assembly, both of the soiid polymer electrolyte mem- 
brane and the electrode catalytic layers are preferably mainly composed of the Inventive polybenzazoie compound 
having sutfonic acid group and/or phosphonic acid group. 
30 [0189] in the inventive polymer electrolyte membrane/electrode assembly, it is more preferable if a binder bonding 
the solid polymer electrolyte membrane and the electrode catalytic layers to each other contains the inventive poiy- 
benzazble compound having sulfonic acid group and/or phosphonic acid group. 

[0190] Inherent viscosity of the aforementioned binder containing the inventive polybenzazoie compound having 
sulfonic acid group and/or phosphonic acid group in methanesuifonic acid is preferably at ieast 0.1 dl/g, and more 
35 preferably at least 0.3 dl/g. This inherent viscosity is preferably not more than 30 dl/g, and more preferably not more 
than 25 dl/g. 

[01 91] In the inventive polymer eiectroiyte membrane/electrode assembly, conventional perfluorocarbonsuifonicacid 
polyelectrolytes such as "Nafion (registered trademark)" by Du Pont, "Dow IVIembrane" by Dow Chemical, "Flemlon 
(registered trademark" by Asahi Glass Co., Ltd., "Aciplex (registered trademark)" by Asahl Chemical Industry Co., Ltd., 

40 "Gore Select (registered trademark)" by Gore-Tex or the like or polymer electrolytes containing sulfonated polyether- 
sulfones or sulfonated polyether ketones, polybenzimidazole impregnated with strong acid such as phosphoric acid or 
sulfuric acid or the inventive potybenzazole compound having sulfonic acid group and/or phosphonic acid group can 
be preferably used as the solid polymer electrolyte membrane. Further, asolid polymer eiectroiyte membrane containing 
a plurality of such polymer electrolyte can also be employed as the polymer eiectroiyte membrane in the range not 

45 remarkably damaging ion conductivity. 

[0192] A solid polymer eiectroiyte membrane prepared by mixing a polymer other than the Inventive polybenzazoie 
compound having sulfonic acid group and/or phosphonic acid group may also be employed as the polymer electrolyte 
membrane employed for the inventive polymer eiectroiyte membrane/eiectrode assembly. A polyazole polymer having 
excellent compatibility is preferable as the mixed polymer. 

50 [0193] The polymer electrolyte membrane employed in the inventive polymer electrolyte membrane/electrode as- 
sembly can be obtained by dissolving a resin composition containing various types of polyelectrolytes in a solution, 
casting the mixture and thereafter removing a solvent by diying or immersing the mixture in a non-solvent, or by a well- 
known arbitrary molding method of molding such a solution or resin composition by thennai pressing, rolling or extru- 
sion. 

55 [01 94] The thickness of the solid polymer electrolyte membrane employed in the inventive polymer electrolyte mem- 
brane/electrode assembly is preferably at least 5 fim, and more preferably at least 10 fim. Further, this thickness is 
preferably not more than 300 ^m, and more preferably not more than 100 pm. 

[0195] When molding the solid polymer eiectroiyte membrane employed In the inventive polymer electrolyte mem- 
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brane/electrode assembly, It is preferable to dissolve the resin composition containing the inventive polybenzazole 
compound having sulfonic acid group and/or phosphonic acid group in a solvent for molding the same. 
[0196] In this case, the solvent suitable for dissolving the resin composition containing the Inventive polybenzazole 
compound having suffonic acid group and/or phosphonic acid group Is not particularly restricted but an aprotic polar 

5 solvent such as dimethylsulfoxide, N-methylpyrrolldone. dimethylfomfiamide, dimethylacetamlde or hexamethylphos- 
phonamide, a nitrated compound such as nitromethane or nitrobenzene to which Lewis add such as aluminum chloride, 
lithium chloride or lithium bromide is added or strong acid such as polyphosphoric acid, sulfuric acid, methanesulfonic 
acid, ethanesulfonic acid, chlorosuifonic acid or trifluoroacetic acid can be listed, for example. While these solvents 
can be singly used,' a plurality of such solvents may be mixed with each other and used in the range not exerting bad 

10 influence on the characteristics of the solid polymer electrolyte membrane employed in the Inventive polymer electrolyte 
membrane/electrode assembly. 

[0197] Among these solvents, the aprotic polar solvent such as dimethylacetamlde is preferable. Further, Lewis acid 
such as aluminum chloride, lithium chloride or lithium bromide may be added to the aprotic polar solvent, in order to 
Innprove solubility of the polymer and stability of the solution. When the content of sulfonic acid groups and/or phos- 
is phonic acid groups in the inventive polybenzoxazole or polybenzthtazole having sulfonic acid group and/or phosphonic 
acid group is large, solubility in the aprotic polar solvent is more preferably improved. 

[0198] The Inventive polymer electrolyte membrane/electrode assembly can be obtained by hot-pressing a catalytic 
metal and a binder to a solid polymer electrolyte membrane or holding the said solid polymer electrolyte membrane 
between materials obtained by spraying or applying a polymer electrolyte such as the Inventive polybenzazole com- 
20 pound having sulfonic acid group and/or phosphonic acid group to commercially available gas-diffusion electrodes for 
impregnating the fomier with the latter and jointing the same to each other. 

[0199] The Inventive polymer electrolyte membrane/electrode assembly can also be obtained by holding a solid 
polymer electrolyte membrane between materials prepared by stacking paste prepared by homogeneously dispersing 
the said polymer electrolyte and a catalyst In a solvent on resin films of Teflon, polypropylene, polyethylene or poly- 
2S ethylene terephthaiate by repeating application and drying while directing catalytic layers inward, and jointing these 
materials by hot pressing. 

[0200] Further, the Inventive polymer electrolyte membrane/electrode assembly can also be obtained by applying 
the said paste prepared by homogeneously dispersing the polymer electrolyte and the catalyst in the solvent to the 
solid polymer electrolyte membrane with a brush, a paint brush or an applicator or by a method such as spraying or 

30 printing and thereafter drying the solvent for Jointing the materials. The assembly can also be obtained by jointing 
electrode materials such as carbon paper and a polymer electrolyte membrane to each other with such paste. These 
methods may be carried out with an Ionic group as an alkaline metallic salt such as Na and thereafter returning the 
same to the original acid by acid treatment after jointing. It is also possible to directly joint the catalyst to the solid 
polymer electrolyte membrane by sputtering or the like. 

35 [0201] When employing the Inventive polybenzazole compound having sulfonic acid group and/or phosphonic acid 
group as the polymer electrolyte, the said solvent can be used. In this case, the concentration of the polymer electrolyte 
In the solvent or the paste is preferably at least 0.1 mass %, and more preferably at least 1 mass %. Further, this 
concentration is preferably not more than 30 mass %, and more preferably not more than 20 mass %. 
[0202] In the inventive polymer electrolyte membrane/electrode assembly, a conductive material carrying fine partl- 

40 cles of the catalytic metal is preferable as the catalyst employed for the electrode catalytic layers, and may contain 
another component. This catalytic metal is preferably a noble metal mainly composed of platinum, and may Include 
another metal such as rhodium, palladium, gold, silver, iridium or ruthenium. 

[0203] The particle diameter of this catalyst is preferably at least 1 nm, and more preferably at least 5 nm. The particle 
diameter of this catalyst is preferably not more than 50 nm, and more preferably not more than 30 nm. 
45 [0204] In the electrode catalytic layers employed for the inventive polymer electrolyte membrane/electrode assembly, 
the quantity of the catalyst with respect to the polymer electrolyte is preferably at least 50 mass %, and more preferably 
at least 70 mass %. The quantity of this catalyst is preferably not more than 1 ,000 mass %, and more preferably not 
more than 500 mass %. 

[0205] Another component in the electrode catalytic layers employed for the inventive polymer electrolyte membrane/ 
50 electrode assembly is not particularly restricted butpolytetrafluoroethylene,tetrafluoroethyleneperfluoroalkylvinyl ether 
copolymer, tetrafluoroethylenehexafluoroethylene copolymer or the like can be listed as a binder, for example. 
[0206] While proper hot pressing conditions for molding the electrode catalytic layers employed for the Inventive 
polymer electrolyte membrane/electrode assembly can be selected depending on the used materials, the temperature 
of hot pressing is preferably at least lOO^C and more preferably at least ISCC, in order to attain excellent moldabillty. 
55 Further, the temperature of hot pressing Is preferably not more than SOO'C, and more preferably not more than 250''C. 
The pressure of hot pressing is preferably at least 1 I^Pa, and more preferably at least 2 IVlPa. Further, the pressure 
of hot pressing is preferably not more than 10 MPa, and more preferably not more than 7 MPa. 
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<Examples> 

[0207] While the present invention is described in more detail in Examples, the present invention is not restricted to 
these. 

5 [0208] in this specification, various types of measurements and evaluation tests were canried out as follows: 
(i) Measurement of Inherent Viscosity In Concentrated Sulfuric Acid 

[0209] A sample polymer was dissolved in concentrated sulfuric acid at a concentration of 0.5 g/dl, and viscosity 
10 was measured In a thermostat of SCC with an Ostwald viscometer for obtaining the inherent viscosity [ln(ta/tb)]/c (ta 
represents the fall time (sec.) of a sample solution, tb represents the fall time (sec.) of a solvent and c represents the 
polymer concentration (g/dl)). 

(II) Measurement of Inherent Viscosity of Solution In Methanesulfonic Acid 

IS 

[0210] A sample polymer was dissolved in methanesulfonic acid at 0.05 g/dl and viscosity was measured with an 
Ubbelohde viscometer under a condition of 25«C. The Inherent viscosity was calculated with the fomiula described 
above. 

20 (ill) Measurement of Ion Conductivity 

[021 1 ] Platinum wires (diameter: 0.2 mm) were pressed against the surface of a strip sample on an own-made meas- 
uring probe (made of Teflon) and the sample was held in a thenmo-hygrostat oven (Nagano Science Equipment Mfg. 
Co., Ltd., LH-20-01 ) under conditions of SO'^C and 95 % RH for measuring complex Impedance between the platinum 
25 wires at 10 KHz with 1250 FREQUENCY RESPONSE ANALYSER by SOLARTRON. Measurement was perfomied 
while varying the distance between wires for calculating conductivity by canceling contact resistance between a mem- 
brane and the platinum wires from a slope plotting the measured value of resistance against the wire distance through 
the following equation: 

30 

conductivity [S/cm] = 1 /membrane width [cm] x membrane thickness [cm] x resistance slope [Q/cm] 

(iv) Measurement of Solubility In N-Methyipyrrolidone 

35 [0212] 10.00 g of N-methylpyrrolidone and 0.50 g of a sample polymer were introduced into a 50 ml of flasl<, stirred 
in an oil bath at 170'C under a nitrogen atmosphere for 3 hours, and filtrated through a glass filter of 1G2. Solubility 
was detemrtined as at least 5 % when ho residue was visually recognized on the filter 

(v) Measurement of Solubility in Dimethylsulfoxide 

40 ^ 

[0213] 10.00 g of dimethylsulfoxide and 0.10 g of a sample polymer were introduced Into a 50 ml of flask, stln-ed in 
an oil bath at 40°C under a nitrogen atmosphere for 3 days, and filtrated through a glass filter of 1 G2. Solubility was 
detennined as at least 1 % when no residue was visually recognized on the filter. 

45 (vl) Measurement of Mass Reduction by Water Immersion 

[021 4] 1 00 mg of a sample polymer was Immersed In 1 0 ml of Ion exchanged water at 25"C for 3 days, and a residue 
was filtrated through a glass filter of 1 G2. After the filtration, the filter was vacuum-dried at 80"C ovemlght-for obtaining 
the mass of the residue from the mass difference before and after the filtration. 

so 

(vll) Evaluation of Hot Water Resistance 

[0215] A membrane sample was Immersed In boiling water for 1 hour, for visually detemnlning whether the fomi of 
the membrane was changed by swelling or dissolution or not. 

55 

(vill) Evaluation of Durability 

[0216] A sample polymer was immersed In water of lOO'^C In an ample and left for 3 days. The Inherent viscosity 
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was measured for the samples before and after the treatment in the aforementioned manner. Durability was evaluated 
from change of the measured value of the Inherent viscosity. 

(Ix) Measurement of 3 % Mass Reduction Temperature with TGA 

5 

[0217] Measurement with TGA was canied out with about 5 mg of a polymer having sulfonic acid group and/or 
phosphonic acid group substantially free from salt forni under an argon atmosphere with TGA-50 by Shimadzu Cor- 
poration. The temperature was increased up to 150*'C at 1 0'C/min., thereafter the sample was held for 30 minutes to 
remove moisture from the same, and measurement was further carried out up to 600*C at a heating rate of 1 0^C/mln. 
10 When the mass of the sample was reduced by 3 % with reference to the sample mass upon heating to 200''C, the 
current temperature was defined as the 3 % mass reduction temperature. 

(x) Measurement of IR Spectrum 

15 [0218] The IR spectrum of a sample polymer was measured with a spectrometer FTS-40 by Biorad and a microscope 
UMA-300A by Biorad. ^ 

<Example 1> 

20 [0219] First, 1 .500 g (5.389 x 10*3 mol) of 3,3\4,4'-tetraminodiphenylsulfone, 1 .445 g (5.389 x 10-3 mol) of 2,5-dl- 
carboxybenzenesulfonlc acid monosodlum salt (abbreviation: STA, purity: 99 %), 20.48 g (0.1082 mol as phosphorus 
pentoxide) of polyphosphoric acid (phosphorus pentoxide content: 75 mass %) and 1 6.41 g (0.1 1 56 mol) of phosphorus 
pentoxide were charged in a polymerization vessel. 

[0220] Then, nitrogen was fed into the polymerization vessel, and the reaction mixture were slowly stirred on an oil 
25 bath and heated to 1 0O^'C. Then, the materials were held at 1 0O^C for 1 hour, thereafter heated to 1 50<'C and polym- 
erized for 1 hour, and heated to 200^C and polymerized for 4 hours. After completing the polymerization, the mixture 
was allowed to cool, poured Into water, and the polymer obtained was repeatedly rinsed in a blender until pH test paper 
was neutralized. The polymer obtained was vacuum-dried at 80*^0 overnight. 

[0221] The resulting polymer exhibited inherent viscosity of 1 .35 dl/g in concentrated sulfuric add. Fig, 1 shows a 
30 result of measurement of the IR spectrum of the polymer. It Is understood from the result of the IR spectrum shown in 
Fig. 1 that this Is polybenzlmidazole containing sulfonic acid groups according to the present Invention. 
[0222] Then, 400 mg of the polymer was mixed with 4 ml of NMP and the mixture was stinred and heated to 1 TCC 
on an oil bath to be dissolved. The obtained solution was cast onto a glass plate on a hot plate with a thickness of 
about 200 ^im, and NMP was evaporated. The film obtained was peeled from the glass plate, vacuum-dried at SCC 
35 overnight and thereafter Immersed in acetone thereby removing the solvent and employed for the measurement of ion 
conductivity. 

[0223] Then , the obtained membrane was subjected to TGA measurement. Fig, 2 shows the chart of TGA measure- 
ment obtained at this time. It Is understood from the result shown In Fig. 2 that the 3 % mass reduction temperature is 
462°C. . . 

40 [0224] The obtained membrane exhibited ion conductivity of 0.018 S/cm under conditions of 80°C and 95 % RH, 
and the measured Ion conductivity kept stable perfonnance over a long period. While the obtained membrane was 
immersed in boiling water for 1 hour, no change of the shape was recognized. Inherent viscosity measured after Im- 
mersing the membrane in water of 1 00*C for 3 days was 1 .37 dl/g, and no change from that before the treatment was 
recognized, in addition, even if a thin membrane of about 10 jim In thickness was prepared, the membrane was not 

45 broken in the aforementioned various evaluation tests. 

[0225] Table 1 shows the results of the aforementioned various measurements. 



50 



55 



30 



EP 1 354 907 A1 



Table 1 







Polymer Perfomiance 


Membrane Perfomnance 


5 


Potymer Composition (Molar 
ratio) 


Inherent 
Vlscoslty*1 
(dl/g) 


Durability ((di/ 

g)-2 


3 % Mass 
Reduction 
Temperature 
(•C) 


ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 




TAS 


STA 












10 


50 


50 


1.35 


1.37 


462 


0.018 


no change 



*1: inherent viscosity measured in concentrated sulfuric add 
•2: Inherent viscosity after immersion/storage In hot water 
*3: visual evaluation after immersion in hot water 



<Example 2> 

[0226] A polymer was prepared by polymerization similarly to Example 1 except that STA and terephthalic acid 
(abbreviation: TPA) were employed In place of STA with varying the mixing ratio for attaining 5.389 x 10'^ mol in total, 
for preparing a membrane and perfonming various measurement tests and various evaluation tests. 
^ [0227] As a result of the various measurements, ion conductivity kept stable performance over a long period in every 
sample, and the shape of the membrane was also excellently maintained. Also, even If a thin membrane of about 1 0 
(im in thickness was prepared, the membrane was not broken in the aforementioned various evaluation tests. Table 2 
shows results of the various measurements. 

2S Table 2 





Polymer Perfomiance 


Membrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 

(dl/g) 


Durability (dl/ 

gr2 


3% Mass 
Reduction 
Temperature 

rc) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TPA 


STA 












34 


66 


1.33 


1.29 


478 


0.015 


no change 


66 


34 


1.42 


1.42 


485 


0.002 


no change 



*1: Inherent viscosity measured In concentrated suifuric add 
*2: Inherent viscosity after immersion/storage in hot water 
*3: visual evaluatton after immersion in hot water 



<Example 3> 

[0228] A polymer was prepared by polymerization similarly to Example 1 except that 3,5-dlcart)oxybenzenesu!fonlc 
monosodium (abbreviation: SIA, purity: 98 %) was employed in place of STA, for preparing a membrane and performing 
various measurements and various evaluations. 

[0229] Fig. 3 shows the IR spectrum of the obtained polymer measured when adjusting the charging ratio to TPA/ 
SIA = 66/34, it Is understood from the result of the IR spectoim shown in Fig, 3 that this is polybenzlmidazole containing 
sulfonic acid groups according to the present invention. 

[0230] As a result of the various measurements, ion conductivity kept stable perfomiance over a long period in every 
sample, and the shape of the membrane was also excellently maintained. Also, when a thin membrane of about 10 
\m in thickness was prepared, the membrane was not broken in the aforementioned various evaluations. Table 3 
shows results of the various measurements. 
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Table 3 





Polymer Performance 


i^embrane Performance 


Polymer Composition (molar 
ratio) 


Inlierent 
Viscosity M 
(di/g) 


Durability (dl/ 

g)*2 


3 % IVlass 
Reduction 
Temperature 

rc) 


Ion 

. Conductivity 
Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TPA 


SIA 












0 


100 


2.11 


2.09 


466 


0.012 


no change 


34 


66 


1.09 


1.07 


417 


0.0046 


no change 


66 


34 


1.46 


1.41 


432 


0.0024 


no change 



f 5 *1 : inherent viscosity measured In concentrated sulfuric add 
*2: Inherent vlscostty after Immersbn/iBtDrage In hot water 
*3: visual evaluation after imrnersion In hot water 



<Example 4> 

20 

[0231] A polymer was prepared by polymerization similarly to Example 3 except that tin (II) chloride 1 mol % with 
respect to TAS, was added in tlie polymerization, for preparing a membrane and perfomiing various measurements. 
[0232] As a result of the various measurements, Ion conductivity l<ept stable performance over a long period In every 
sample, and the shape of the membrane was also excellently maintained. Also, when a thin membrane of about 10 
25 \im In thiclcness was prepared, the membrane was not brol<en in the aforementioned various evaluations. Table 4 
shows results of the various measurements. 



Table 4 





Polymer Performance 


IVIembrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 

(di/g) 


Durability (dl/ 


3 % Mass 
Reduction 
Temperature 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TPA 


SIA 












34 


66 


1.22 


1.23 


422 


0.0041 


no change 


66 


34 


1.48 


1.46 


429 


0.0031 


no change 



*1: Inherent viscosity mcBsured in concentrated sulfuric acid 
40 *2: Inherent viscosity after Immersion/storage in hot water 
*3: visual evaluation after immersion In hot water 



<Comparatlve Example 1> 

45 [0233] A polymer was prepared by polymerization similarly to Example 1 except that polymerization was perfomned 
with 0.895 g (con^esponding to 5.39 x 10-^ mol) of TPA in place of STA, for preparing a membrane and performing 
various measurements. 

[0234] As a result of the various measurements, a polymer having Inherent viscosity of 2.11 dl/g in sulfuric acid was 
obtained. No change of the shape was recognized when the obtained membrane was immersed in boiling water for 1 
so hour, while Inherent viscosity after immersing the membrane in water of lOO^'C for 3 days was 2.06 and no change 
from that before the treatment was recognized. While ion conductivity was measured under conditions of BO'^C and 95 
% RH, It was substantially impossible to capture the Ion conductivity. Also, when a thin membrane of about 10 jinn in 
thickness was prepared, the membrane was not broken in the aforementioned various evaluation tests. Table 5 shows 
results of the various measurements. 
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Table 5 





Polymer Performance 


Membrane Perfonnance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 
(dl/g) 


Durability (d(/ 


3% Mass 
Reduction 
Temperature 

rc) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TAS 


TPA 












50 


50 


2.11 


2.06 


548 


below 
measurement 
limit 


no change 



*1: inherent viscosity measured in concentrated sulfuric odd 
rs *2: inherent viscosity atter Immersion/storBge in hot water 
*3: visual eval uatton after immersion in hot water 

<Example5> 

20 [0235] A polymer was prepared by polymerization similarly to Example 1 except that 1 .05 g (3.773 x 1 0-3 mol) of 
TAS and 0.598 g (3.557 X 1 0*3 mol) of TPA were polymerized, thereafter the polymerized liquid was temporarily cooled, 
and 0.45 g (1.616 X 10-3 piol) of TAS and 0.491 g (1.832 X lO'^ mo!) of STA were further added for perfonnlng 
polymerization again and synthesizing a blocl< copolymer satisfying the ratio TPA/STA = 66/34, for preparing a mem- 
brane and performing various measurements. 

25 [0236] Inherent viscosity of the obtained polymer in concentrated sulfuric acid was 0.86 dl/g and it was possible to 
prepare the rtiembrane by a method similar to that In Example 1 , while Ion conductivity under conditions of 80'»C and 
95 % RH was 0.0003 S/cm, I.e., smaller by one order as compared with the polymer of Example 2 having the sanne 
copolymerlzation ratio. Also when a thin membrane of about 1 0 jim In thlcl<ness was prepared, the membrane was not 
broken In the aforementioned various evaluations. Table 6 shows results of the various measurements. 

30 

Table 6 





Polymer Perfomnance 


Membrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 
(dl/g) 


Durability (dl/ 

g)-2 


3 % Mass 
Reduction 
Temperature 

rc) . 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TPA 


STA 












66 


34 


0.B6 


0.84 


461 


0.0003 


no change 



*1: inherent viscosity measured In concentrated sulfuric add 
*2: inherent viscostty after ImmerBion/storage in hot waler 
*3: visuai eveluatbn after immersion in hot water 



<Example 6> 

[0237] Various types of polymers were synthesized by polymerization simllariy to Example 1 except that 3,3'-dlhy- 
droxybenzidlne (abbreviation: HAB) was employed in place of TAS and an aromatic dicarboxylic acid component was 
prepared from STA or SIA. Fig. 4 shows the IR spectrum of the polymer at TPA/SIA = 34/66. It is understood from the 
result of the IR spectrum shown in Fig. 4 that this is a polybenzoxazole containing sulfonic acid groups according to 

the present Invention. 

[0238] Then, 1 .8 g of methanesutfonic acid was mixed with 0.12 g of the synthesized polymer, and stirred with a 
magnetic stirrer for several hours to obtain a solution, and further stin-ed for several hours with addition of 3 g of a 1 
% (w/w) methanesulfonic acid dope of poly{(benzo[1 ,2-d:5,4-d'lbisoxazole-2.6-diyl)-1 ,4-phenyIene} (Intrinsic viscosity: 
24 dl/g) for preparing a homogeneous solution. 

[0239] The solution obtained was cast onto a glass plate on a hot plate with a thickness of about 225 pjn and left at 
the room-temperature for 1 hour, and the glass plate was thereafter Immersed in water. Thereafter the water immersion 
was continued for several days while the water was exchanged by fresh water several times. After the Immersion, the 
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• film was taken out and air-dried with fixing the periphery of film to avoid shrinkage. Finally, the film was dried by a 
vacuum oven at 80" C overnight, thereby preparing a membrane employed for ion conductivity measurement. 
[0240] As a result of various measurements of the obtained polymers and the membranes, Ion conductivity kept 
stable performance over a long period, and the shapes of the membranes were also excellently maintained. Also even 
5 if a thin membrane of about 10 in thickness was prepared, the membrane was not broken In the aforementioned 
evaluation tests. Table 7 shows results of the various measurements. 



Table 7 



10 . 





Polymer Performance 


Menbrane 

Perfomnance 


Polymer Composition (molar ratio) 


Inherent Viscosity *1 
(dl/g) 


3 % Mass Reduction 
Temperature ("C) 


Ion Conductivity [S/cm] 


TPA 


SIA 


STA 








0 


100 


0 


0.60 


404 


0.10 


34 


66 


0 


0.82 


401 


0.048 


66 


34 


0 


0.98 


424 


0.013 


0 


0 


100 


0.88 


393 


0.12 


34 


0 


66 


0.51 


398 


0.071 ' 


66 


0 


34 


0.56 


409 


0.028 



*1 : inherent viscosity measured in concentrated sulfuric add 

25 

<Example 7> 

[0241] 9.063 g (4.254 X lO'^ mo!) of 4,6-diaminoresorcinol dihydrochloride (abbreviation: DAR), 11 .408 g (4.254 x 
1 0-2 mol) of 2,5-dicarboxyben2ensulfonic acid monosodlum salt (abbreviation: STA), 43.86 g (con-esponding to 0.2596 

50 moi as phosphorus pentoxide) of poiyphosphoric acid (phosphorus pentoxide content: 84 mass %) and 14.49 g 
(0.01021 mol) of phosphorus pentoxide were weighed in a 200 ml glass separable flask and heated in an oil bath while 
stirring the same under a nitrogen flow at 70*'C for 0.5 hours, at 120^*0 for 5 hours, at 135''C for 19 hours, at 165**C 
for 1 8 hours and then at 1 90"'C for 7 hours. A black-green stringy dope was obtained. The obtained dope was poured 
Into ion exchanged water and rinsed until pH test paper was neutralized. The polymer obtained was vacuum-dried at 

35 80'C overnight. 

[0242] Fig. 5 shows the IR spectrum of the obtained polymer. It is understood from the IR spectrum shown in Fig. 5 

that this is polybenzoxazole containing sulfonic acid groups according to the present Invention. 
[0243] Then, 0.165 g of the obtained polymer was stirred and dissolved in 7 ml of dimethylsulfoxide at the room 
temperature overnight. Then, the obtained solution was cast onto a glass plate with a thickness of about 350 ^nn, and 
vacuum-dried at 40''C overnight and then at BO*»C for two days. Thereafter the glass plate was immersed in water to 
separate a membrane, and vacuum-dried overnight at 80*C to give a membrane employed for Ion conductivity meas- 
urement. 

[0244] As a result of perfomiing various measurements on the obtained membrane, the polymer exhibited Inherent 
viscosity of 1.72 dl/g in a methanesulfonic acid solution. The ionic group content of the polymer was 3.2 meq/g. No 
insoluble part was recognized on a glass filter with the solubility test in dimethylsulfoxide. Weight reduction by water 
Immersion was 2.3 mass %. 

[0245] As a result of perfomnlng various measurements on the obtained membrane, the obtained membrane was 
transparent, had a uniform thickness and was also strong. The membrane exhibited ion conductivity of 0.75 S/cm under 
conditions of 80^C and 95 % RH, and the ion conductivity kept stable perfomnance over a long period while the shape 
of the membrane was also excellently maintained. Also when a thin membrane of about 10 fim in thickness was pre- 
pared, the membrane was not broken In the aforementioned various evaluation tests. Table 8 shows results of the 
various measurements. 
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HibleS 





Polymer Perfomnance 


Menbrane 
Performance 


Polymer Composition (molar 
ratio) 


tnlierent 
Viscosity *1 

(di/g) 


Ionic Group 
Content 
meq/g 


Mass 
Reduction 
by Water 
Immersion 
(mass %) 


Solubility In 
Dimethylsuifoxide 


Ion 

Conductivity 
[S/cm] 


DAR 


STA 












50 


50 


1.72 


. 3.2 


2.3 


over1% 


0.75 



*1: Inherent viscosity measured In methanesulfonlc acid solution 

15 

<Example 8> 

[0246] Polymerization was performed similarly to Example 1 except that 1 0.267 (3.828 x 1 0-2 mol) of STA and 0.707 
g (4.254 X 10*2 mol) of tereplitlialic acid (abbreviation: TPA) were employed in place of 11.408 g (4.254 X 10-2 mol) 

20 of STA, for obtaining a deep-green stringy dope. Further, a polymer and a membrane employed for measuring ion 
conductivity were prepared from the obtained dope similarly to Example 7. 
. [0247] Measurements and evaluations of the polymer obtained gave the results as follows. Inherent viscosity of the 
obtained polymer in a methanesulfonlc acid solution was 1 .77 dl/g. The ionic group content of the polymer was 3,1 
meq/g. No insoluble matter was recognized on a glass filter with the solubility test of the obtained polymer In dimeth- 

25 ylsulfoxide. Mass reduction of the obtained polymer by water immersion was 2.3 %. 

[0248] Various measurements and evaluations of the obtained membrane gave the results as follows. The membrane 
exhibited ion conductivity of 0.72 S/cm under conditions of 80°C and 95 % RH, and the measured Ion conductivity kept 
stable perfonnance over a long period while the shape of the membrane was also excellently maintained. Also when 
a thin membrane of about 10 p,m in thickness was prepared, the membrane was not broken in the aforementioned 

30 various evaluation tests. Table 9 shows results of the various measurement tests and the evaluation tests. 



Table 9 





Polymer Performance 


Menbrane 
Perfomriance 


PoiymerComposition (molar 
ratio) 


Inherent 
Viscosity M 

(dl/g) 


Ionic Group 
Content 
meq/g 


Mass 
Reduction 
by Water 
Immersion 
(mass %) 


Solubility in 
Dimethylsuifoxide 


Ion 

Conductivity. 
[S/cm] 


STA 


TPA 












90 


10 


1.77 


3.1 


2.3 


over1% 


0.72 



*1: inherent viscosity measured In methanesulfonic add solution 

45 

<Example 9> 

[0249] Polymerization was performed simllariy to Example 7 except that 7.605 g (2.836 x 1 0*2 mol) of STA and 2.356 
g (1 .418 X 10-2 mol) of terephthalic acid (abbreviation: TPA) were employed in place of 11 .408 g (4.254 x 10'2 mol) 
so of STA, for obtaining a deep-green stringy dope. Small portion of the obtained dope was poured Into Ion exchange 
water, and repeatedly rinsed until pH test paper was neutralized. The polymer obtained was vacuum-dried at 80*'C 
overnight. 

[0250] 2.00 9 of a 1 mass % polyphosphoric acid solution (phosphorus pentoxide content: 84 %) of poly{(benzo 
[1 ,2-d:5,4-d']bisoxazole-2,6-diyl)-1 ,4-phenylene} having intrinsic viscosity of 20 dl/g at 25*'C in a methanesulfonic acid 
55 solution was added to the remaining part of the aforementioned dope, and the mixture was further stirred under the 
room temperature for obtaining a homogeneous solution. Then, the obtained solution was cast onto a glass plate with 
a thickness of about 300 \m\ and kept for 1 0 minutes, and the glass plate was thereafter immersed in water. Thereafter 
water Immersion was continued for several days while exchanging the water with fresh one several times. After the 
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immersion, a membrane was taken out and air-dried while fixing the periphery of film to avoid shrinlcage. Finally, the 
membrane was dried with a vacuum oven at BO^'C ovemight, and a membrane employed for ion conductivity meas- 
urement was obtained. 

[0251] Measurements and evaluations for the obtained polymer gave the results as foliows. Inherent viscosity In a 
5 methanesulfonic acid solution measured by dissolving 0.08 g of the obtained polymer In 2.0 ml of methanesutfonic 
acid under the room temperature was 1 .95 di/g. 

[0252] Measurements and evaluations for the obtained membrane gave the results as follows. The obtained mem- 
brane exhibited ion conductivity of 0.37 S/cm under conditions of BO^C and 95 % RH and the measured ion conductivity 
kept stable perfonmance over a long period, while the shape of the membrane was also excellently maintained. Also 
10 when a thin membrane of about 1 0 pjn In thickness was prepared, the membrane was not broken in the aforementioned 
various evaluation tests. Table 1 0 shows results of the measurements. 



Table 10 



15 




Polymer Perfonnance 


Membrane 
Perfonnance 


20 


Polymer Composition (molar ratio) 


Inherent 
Viscosity.^ (dl/g) 


Ionic Group 
Content meq/g 


Mass Reduction 
by Water 
Immersion 
(mass%) 


ion Conductivity 
[S/cm] 




STA 


TPA 












67 


33 


1.95 


1.8 . 


' 0.6 


0.37 



*1: inherent viscosity measured in methanesulfonic acid solution 

25 



<Example 1 0> 

[0253] Polymerization was carried out similarly to Example 7 except that 4.734 g (2.850 x 10-2 mol) of TPA and 
3.765 g (1 .404 X 1 0*2 mol) of STA were employed in place of 11 .408 g (4.254 x 1 0-2 mol) of STA, tor obtaining a deep- 

30 green stringy dope. Small portion of the obtained dope was introduced into ion exchange water, and repeatedly rinsed 
until pH test paper was neutralized. The obtained polymer was vacuum-dried at 80°C overnight. 
[0254] 0.230 g of the obtained polymer was stirred and dissolved In 5 ml of methanesulfonic acid under the room 
temperature overnight. Then, the obtained solution was cast onto a glass plate with a thickness of about 300 \m and 
kept for 1 0 minutes, and the glass plate was thereafter immersed in water Thereafter water immersion was continued 

35 for several days while exchanging the water with fresh one several times. After the immersion, a membrane was taken 
out and air-dried while fixing the periphery of film to avoid shrinkage. Finally, the membrane was dried with a vacuum 
oven at 80°C overnight, and a membrane employed for ion conductivity measurement was obtained. 
[0255] Measurements and evaluations for the obtained polymer gave the results as follows. Inherent viscosity of the 
polymer in a methanesulfonic acid solution was 6.48 dl/g, 

40 [0256] Measurements and evaluations for the obtained membrane gave the results as follows. The membrane ex- 
hibited Ion conductivity of 0.11 S/cm under conditions of BO'C and 95 % RH and the measured Ion conductivity kept 
stable performance over a long period, while the shape of the membrane was also excellently maintained. Also when 
a thin membrane of about 10 jim In thickness was prepared, the membrane was not broken In the aforementioned 
various evaluation tests. Table 11 shows results of the various measurement tests and the evaluation tests. 
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Table 11 







Polymer Perfoimance 


Membrane 
Perfomnance 


50 


Polymer Composition (molar ratio) 


Inherent 
Viscosity '1 (dl/g) 


Ionic Group 
Content meq/g 


Mass Reduction 
by Water 
immersion 
(mass %) 


Ion Conductivity 
[S/cm] 




STA 


TPA 










55 


33 


67 


6.46 


1.2 


0.1 


0.11 



*1: inherent viscosity measured in methanesulfonic acid solution 
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<Example 11 > 

[0257J First, 1 .830 g (6.575 X 1 0'^ mol) of 3,3'-4,4'-tetramlnodlphenyisuIfone (abbreviation: TAS), 1 .61 8 g (6.575 x 
10-3 mol) of 3,5-dlcarboxyphenylphosphonic acid (abbreviation: DCP, purity: 98 %), 20.48 g of polyphosphoric acid 
5 (phosphorus pentoxide content: 75 mass %) and 1 6.41 g of phosphorus pentoxide were weighed and sampled Into a 
polymerization vessel, 

[0258] Then, nitrogen was fed into the polymerization vessel and the materials were slowly stin-ed on an oil bath and 
heated to IIO^C, Then, the reaction mixture was held at 11 0°C for 1 hour, thereafter heated to 150**C and polymerized 
for 1 hour, and heated to 200*C and polymerized for 5 hours. After completion of the polymerization, the system was 
10 allowed to cool, and the polymer was taken out with addition of water and repeatedly rinsed In a blender until pH test 
paper was neutralized. The obtained polymer was vacuum-drled at 80^*0 overnight. 

[0259] Fig. 6 shows the IR spectrum of the obtained polymer. It is understood from the IR spectrum shown In Fig. 6 

that this Is polybenzimidazole containing phosphonic acid groups according to the present Invention. 

[0260] 300 mg of the obtained polymer and 2.5 ml of methanesulf onic acid were mixed under the room temperature 

15 and stirred for obtaining a homogeneous solution. The obtained solution was cast onto a glass plate on a hot plate 
with a thickness of about 200 ^im and kept at the room temperature for 1 hour, and the glass plate was thereafter 
immersed In water. Thereafter water Immersion was continued for several days while exchanging the water with fresh 
one several times. After the immersion, the film was taken out and air-dried while fixing the periphery of film to avoid 
shrinkage. Finally, the film was dried with a vacuum oven at 80'C overnight, and a membrane employed for ion con- 

20 ductlvlty measurement was obtained. 

[0261 j Measurements and evaluations for the obtained membrane gave the results as follows. Inherent viscosity 
. measured In concentrated sulfuric add was. 1.21 dl/g, and a 3 % mass reduction temperature by TGA measurement 
was440''C. 

[0262] Measurements and evaluations for the obtained membrane gave the results as follows. The membrane ex- 
25 hibited Ion conductivity of 0.031 S/cm under conditions of 80"'C and 95 % RH and the measured Ion conductivity kept 
stable perfomriance over a long period, while the shape of the membrane was also excellently maintained. Also when 
a thin membrane of about 10 \im in thickness was prepared, the membrane was not broken In the aforementioned 
various evaluation tests. Table 12 shows results of the various measurements. 



Table 12 





Polymer Perfomriance 


Membrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 

Viscosity *1 
(dl/g) 


Durability (dl/ 

g)*2 


3 % Mass 

Reduction 
Temperature 

rc) 


Ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TAS 


DCP 












50 


50 


1.21 


1.19 


440 


0.031 


no change 



40 *^ : inherent viscosity measured in concentrated sulfuric add 
^2: inherent viscosity after Immersion/storage In hot water 
*3: visual evaluatbn after immersion in hot water 

<Example 12> 

45 

[0263] Polymerization was performed similarly to Example 1 0 except that DCP and terephthalic acid (abbreviation: 
TPA) were employed in place of STA while varying the mixing ratio for attaining 6.575 x 10-^ mol In total. 
[0264] Then, 400 mg of the obtained polymer and 4 ml of NMP were mixed, stirred and heated to 1 70*»C on an oil 
bath to be dissolved. Then, the mixture was cast onto a glass plate on a hot plate with a thickness of about 200 ^m, 
50 and NMP was evaporated, A membrane was separated from the glass plate, vacuum-dried at 800*C overnight and 
thereafter immersed in acetone to remove the solvent, 

[0265] In the various measurements and evaluations for the obtained polymers and the membranes, ion conductivity 
of the obtained membranes kept stable perfomriance over a long period, and the shapes of the membranes were also 
excellently maintained. Also even If a thin membrane of about 1 0 ^m in thickness was prepared, the membrane was 
55 not broken In the aforementioned various evaluation tests. Table 13 shows results of the various measurements and 
evaluations. 
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Table 13 





Polymer Perfomiance 


Membrane Perfomnance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 
(d^g) 


Durability (dl/ 


3 % Mass 
Reduction 
Temperature 


ton 

Conductivity 
[S/cm] 


Hot Water Hot 
•3 


TPA 


DCP 












17 


83 


1.21 


1.20 


431 


0;018 


no change 


34 


66 


1.05 


1.01 


433 


0.012 


no change 


66 


34 


1.03 


1.01 


418 


0.0024 


no change 



*1: inherent viscosity measured In concentrated sulfuric acid 
*2: inherent viscosity after Immersion/storage In hot water 
*3: visual evaluation after immersion In hot water 



<Example13> 

[0266] Polymerization was carried out similarly to Example 1 with 1 .830 g (4.997 x 10*3 mol) of 2,2-bls(3-amino- 
4-hydroxyphenyl)hexafluoropropane (abbreviation: 6FA0) and 1 .339 g (4.996 x 1 0*^ mol) of STA for preparing a mem- 
brane and performing measurements and evaluations. 

[0287] The obtained polymer showed Inherent viscosity of the obtained polymer In concentrated sulfuric acid was 
0.88, and the 3 % mass reduction temperature was SSg^C in TGA measurement. 

[0268] Measurements and evaluations forthe obtained polymer and the membrane gave the results as follows. Ion. 
conductivity of the obtained membrane kept stable performance over a long period, and the shape of the membrane 
was also excellently maintained. Also when a thin membrane of about 1 0 jim in thickness was prepared, the membrane 
was not broken In the aforementioned various evaluation tests. Table 14 shows results of the measurements. 



Table 14 





Polymer Pertonmance 


Membrane 
Performance 


Polymer Composition (molar ratio) 


Inherent Viscosity *1 
(dl/g) 


3 % Mass Reduction 
Temperature (°C) 


ion Conductivity [S/cm] 


6FA0 


STA 








50 


50 


0.88 


359 


0.07 



'1: inherent viscosity measured In concentrated sulfuric add 
*2: inherent viscosity after Immersion/storage in hot water 
*3: visual evaluation after Immersion In hot water 



<Example14> 

^5 . [0269] 0.2 g of a sulfonated polybenzoxazole compound, i.e., the polymer obtained in Example 6, was dissolved In 
20 mi of dimethylsulf oxide under the room temperature, and the mixture was poured into a glass dish of 9 cm in diameter 
and vacuum-dried. After the drying, the mixture was Immersed in water, and a membrane was separated and dried for 
obtaining a solid polymer electrolyte membrane having a thtekness of 16 pm. 

[0270] Then, 0.72 g of carbon black (particle diameter: 20 to 30 nm) having a platinum carrying quantity of 20 % (w/ 
50 w) and 1 g of Nafion (registered trademark) solution (by Du Pont: "20 % of a Nafion (registered trademark) solution") 
were mixed and dispersed unlfomnly in 5 g of glycerin, thereby the paste was prepared. 

[0271] The obtained paste was sprayed on one surface of the solid polymer electrolyte membrane and vacuum- 
dried. The paste was similarly applied to the other surface of the solid polymer electrolyte membrane and vacuum-dried. 
[0272] The platinum carrying quantity of the membrane/electrode assembly obtained was 0.5 mg/cm^. Conductivity 
55 of this membrane/electrode assembly was 8.6 x 1 0"-* S/cm. 
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<Example 15> 

[0273] 0.2 g of the sulfonated polybenzoxazole obtained in Example 6, was dissolved In 20 ml of dimethylsulf oxide 
at a room temperature. Then, 0.72 g of carbon black (particle diameter: 20 to 30 nm) having a platinum carrying quantity 
5 of 20 % (w/w) was mixed and dispersed unifomity, thereby the paste was prepared. 

[0274] The obtained paste was applied by screen printing to one surface of a solid polymer electrolyte membrane 
prepared similarly to that in Example 13, and vacuum-dried. The paste was similarly applied also to the other surface 
of the solid polymer electrolyte membrane and vacuum dried. 

[0275] The platinum carrying quantity of the membrane/eiectrode assembly obtained was 0.5 mg/cm^. Conductivity 
10 of this membrane/electrode assembly was 1.3x1 0'^ S/cm. 

<Example16> 

[0276] First, 4,4'-biphenyldicarboxylic acid was stirred with 30 % fuming sulfuric acid at 1 20*C, thereby synthesizing 
IS 2,2'-disuifo-4,4'-biphenytdicarboxyiic acid (abbreviation: DSBC). Then, the reactive solution was treated with sodium 
hydroxide, for purifying DSBC having sulfonic acid groups in the fomi of sodium salts. 

[0277] Then, a polymer was prepared by polymerization similarly to Example 1 except that 2.405 g (5.389 X 1 0'^ 
mol) of DSBC purified as described above was employed in place of STA, for preparing a membrane and performing 
measurements. 

20 [0278] As a result of the various measurements, ion conductivity kept stable perfomiance over a long period in every 
sample, and the fonm of the membrane was also excellently maintained. Also when a thin membrane of about 1 0 ^.m 
In thickness was prepared, the membrane was not broken in the aforementioned various evaluation tests. Table 15 
shows results of measurements. 

25 Table 15 





Polymer Perfomiance 


Membrane Performance 


Polymer Composition (molar 
ratio) 


Inherent 
Viscosity *1 

(di/g) 


Durability (dl/ 


3 % Mass 
Reduction 
Temperature 

rc) 


ion 

Conductivity 
[S/cm] 


Hot Water 
Resistance *3 


TAS 


DSBC 












50 


50 


0.87 


0.85 


395 


0.022 


no change 



35 "1 : inherent viscosity measured in concentrated sulfuric add 
*2: in lie rent viscosity after Immerslon/Btorage in hot water 
*3: visual evaluation after immersion in hot water 

[0279] Embodiments and Examples disclosed this time must be considered as illustrative in all points and not re- 
40 ' strictive. The scope of the present invention is shown npt by the above description but by the scope of claim for patent, 
and it is intended that all modifications within the meaning and range equivalent to the scope of claim for patent are 

included. 

Industrial Availability 

45 

[0280] The inventive polybenzazofe compound having sulfonic acid group and/or phosphonic acid group, which is a 
compound prepared by introducing sulfonic acid group and/or phosphonic acid group into a poiybenzazole compound 
having excellent properties in view of processabllity, solvent resistance, durability, heat resistance and mechanical 
properties, is excellent not only in processabllity, solvent resistance, durability, heat resistance and mechanical prop- 
so ertles but also in ion conductivity. Therefore, the inventive polybenzazole compound having sulfonic acid group and/ 
or phosphonic acid group is preferably usable as a polymeric material for a solid polymer electrolyte membrane. 
[0281] Further, the resin composition containing the inventive polybenzazole compound having sulfonic acid group 
and/or phosphonic acid group, also excellent not only in processabllity, solvent resistance, durability, heat resistance 
and mechanical properties but also in ion conductivity, Is preferably usable as a polymeric material for a solid polymer 
55 electrolyte membrane used in fuels cells or the like. 

[0282] In addition, the resin molding containing the inventive polybenzazole compound having sulfonic acid group 
and/or phosphonic acid group, also excellent not only in processabllity, solvent resistance, durability, heat resistance 
and mechanical properties but also in ion conductivity, is preferably usable as a polymeric material for a solid polymer 
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electrolyte membrane used In fuel cells or the like. 

[0283] Further, the solid polymer electrolyte membrane containing the Inventive polybenzazole compound having 
sulfonic acid group and/or phosphonlc acid group, also excellent not only in processabllity, solvent resistance, durability, 
heat resistance and mechanical properties but also in ion conductivity, is preferably usable as a primary member of a 
s fuel cell or the like. 

[0284] The Inventive membrane/electrode assembly Is a composite Including a solid polymer electrolyte membrane 
and electrode catalytic layers bonded to both surfaces of this solid polymer electrolyte membrane as components, and 
the solid polymer electrolyte membrane and/or the electrode catalytic layers contain the inventive polybenzazole com- 
pound having sulfonic acid group and/or phosphonlc acid group as the component, whereby the composite Is excellent 
10 not only In processabllity, solvent resistance, durability, heat resistance and mechanical properties but also in Ion con- 
ductivity and Is preferably usable as a primary member of a fuel cell or the like. 

[0265] In addition, a membrane/electrolyte assembly including a solid polymer electrolyte membrane and electrode 
catalytic layers bonded to both surfaces of this solid polymer electrolyte membrane as the membrane/electrode as- 
sembly containing the Inventive polybenzazole compound having sulfonic acid group and/or phosphonlc acid group 
IS as the component can be obtained also by the inventive method of preparing a membrane/electrode assembly, and 
this membrane/electrode assembly, excellent not only in processabllity, solvent resistance, durability, heat resistance 
and mechanical properties but also in Ion conductivity. Is preferably usable as a primary member of a fuel cell or the like. 



20 Claims 

1. A polybenzazole compound Including an aromatic dicarboxylic acid bond unit having sulfonic acid group and/or 
phosphonlc add group and satisfying either a condition that inherent viscosity measured In concentrated sulfuric 
acid is In the range of 0.25 to 10 di/g or a condition that inherent viscosity measured In a methanesulfonic acid 

25 solution is In the range of 0.1 to 50 di/g. 

2. The polybenzazole compound according to claim 1, Including the aromatic dicarboxylic acid bond unit having 
sulfonic acid group and/or phosphonlc acid group with a benzazole bond unit bonded by random polymerization 
and/or altemating polymerization and satisfying either the condition that inherent viscosity measured In concen- 

so trated sulfurk: acid is in the range of 0.25 to 10 dl/g or the condition that inherent viscosity measured In a meth- 
anesulfonic acid solution is in the range of 0.1 to 50 dl/g. 

3. The polybenzazole compound according to claim 1 , wherein conductivity obtained by measuring complex imped- 
ance when applying a voltage of 10,000 Hz in frequency under conditions of 80^C and 95 % RH is in the range of 

35 0.01 to 1. OS/cm. 



4. The polybenzazole compound according to claim 3, Including a benzoxazole bond unit and/or a benzthlazole bond 
unit and Including the aromatic dicarboxylic acid bond unit having at least one sulfonic acid group in molecules, 
wherein the inherent viscosity measured in a methanesulfonic acid solution is in the range of 0.1 to 50 dl/g and 

40 the conductivity obtained by measuring complex impedance when applying the voltage of 1 0,000 Hz in frequency 

under conditions of BO^'C and 95 % RH is in the range of 0.3 to 1 .0 S/cm. 

5. The polybenzazole compound according to claim 4, including bond units expressed In the following fomnulas (1 ) 
and (2) In a molar ratio n^:(1 - n**) as components, said molar ratio satisfying an expression 0.5 ^ n^ ^ 1 .0: 

45 



50 




(1) 



55 



(2) 



(m^ represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of and A^ represents 
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a bivalent bond unit expressed in either one of the foilowing formulas (3) and (4) in each of the fomiulas (1) and 
(2). and may be Identical to or different from each other). 



5 



10 




15 

(X represents either S atom or O atom in each of the foimulas (3) and (4)). 

6. The polybenzazole compound according to claim 1, Including the aromatic dicarboxyllc acid bond unit having 
phosphonic acid group, wherein conductivity obtained by measuring complex Impedance when applying a voltage 

20 of 1 0,000 Hz In frequency under conditions of 80*C and 95 % RH Is In the range of 0.001 to 1 .0 S/cm. 

7. The polybenzazole compound according to claim 1 , Including a benzoxazole bond unit and the aromatic dicarbo- 
xyllc acid bond unit having phosphonic acid group, wherein conductivity obtained by measuring complex Imped- 
ance when applying a voltage of 1 0,000 Hz in frequency under conditions of 80'C and 95 % RH is in the range of 

25 0.01 to 1.0 S/cm. 

6. The polybenzazole compound according to claim 1 , Including a benzimldazole bond unit, wherein solubility In N- 
methylpyrrolidone under a condition of 1 70^C Is at least 5 % (w/w) and the inherent viscosity measured in con- 
centrated sulfuric acid Is In the range of 0.25 to 10 dl/g. 

30 

9. The polybenzazole compound according to claim 1 , Including a benzoxazole bond unit and Including the aromatic 
dicarboxylic acid bond unit having at least one sulfonic acid group In molecules, wherein the Inherent viscosity 
measured in a methanesulfonic acid solution Is In the range of 0.1 to 50 dl/g and solubility In dimethylsulfoxide 
under a condition of 40*C Is at least 1 % (w/w). 

35 

10. The polybenzazole compound according to claim 9, including bond units expressed in the following formulas (5) 
and (6) in a molar ratio n2:(1 - n^) as components, wherein said molar ratio satisfies an expression 0.85 :£ n^ < 1 .0 
and sulfonic acid groups In the forni of alkaline metal salts are in the range of 0 to 15 mol % among all sulfonic 
acid groups: 

40 



45 




(m2 represents an integer of 1 to 4, represents a bivalent aromatic bond unit and each of A^ and A^ represents 
a bivalent bond unit expressed in either one of the following fomnulas (7) and (8) in each of the fomnulas (5) and 
(6). A3 and A^ may be identical to or different from each other). 
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(7) 



10 



(8) 



15 



20 



25 



30 



11. The polybenzazole compound according to claim 8, wherein conductivity obtained by measuring complex imped- 
ance when applying a voltage of 1 0,000 Hz in frequency under conditions of 80°C and 95 % RH is in the range of 
0.001 to 1. OS/cm. 

12. The polybenzazole compound according to claim 4, including a benzoxazole bond unit and the aromatic dicarbo- 
xyllc acid bond unit having sulfonic acid group, wherein solubility In dlmethylsulfoxide under a condition of 40^*0 
is at least 1 % (w/w), 

13. The polybenzazole compound according to claim 12, including bond units expressed In the following fomnulas (9) 
and (10) In a molar ratio r\^:(^ - n^) as components, wherein said molar ratio satisfies an expression 0.85 < n^ ^ 
1 ,0 and sulfonic acid groups In the forni of alkaline metal salts are In the range of 0 to 10 mol % among all sulfonic 
acid groups: 



(S03H)„3 




A^-P (9) 



35 



40 



45 



(10) 



(m3 represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of and A® represents 
a bivalent bond unit expressed in either one of the following fomiulas (11) and (12) in each of the fomiulas (9) and 
(10). A5 and A^ may be identical to or different from each other). 



50 



14. The polybenzazole compound according to claim 1 , having at least 1 .5 meq/g of sulfonic acid groups and/or phos- 
55 phonic acid groups in molecules, wherein reduction of mass is in the range of 0 to 5 % (w/w) when Immersed in 

water of 25^C for 72 hours. 



1 5. The polybenzazole compound according to claim 1 4, Including bond units expressed In the following fomnulas (1 3) 
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and (14) In a molar ratio n^:(1 - n^) as components, said molar ratio satisfying an expression 0.4 s ^ 1 .0: 



'(S03HW 



10 



■{-B*-aM^^4 (14) 



15 (m* represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of and represents 

a bivalent bond unit expressed in eitlier one of the following fonnulas (1 5) and (1 6) In each of the formulas (1 3) 
and (14). A^ and A^ may be identical to or different from each other). 



20 



(15) 



25 



30 



35 




y— (16) 



(X represents either S atom or O atom In each of the fonnuias (15) and (16)). 

16. The polybenzazole compound according to claim 5, having at least 1 .5 meq/g of sulfonic acid group in molecules, 
wherein reduction of mass is In the range of 0 to 5 % (w/w) when immersed in water of 25*»C for 72 hours. 

17. The polybenzazole compound according to claim 1 , having at least 2.5 meq/g of sulfonic acid groups and/or phos- 
phonic acid groups in molecules, wherein reduction of mass Is in the range of 0 to 5% (w/W) when Immersed in 
water of 25''C for 72 hours and solubility In dimethylsulf oxide under a condition of 40'*C is at least 1 % (w/w). 

40 18. The polybenzazole compound according to claim 17, including bond units expressed in thefoliowing fomriulas (17) 
and (18) in a molar ratio r\^:{\ - n^) as components, said molar ratio satlslying an expression 0.85^ n^ <, 1.0: 



45 



(S03H)^5 




+ (17) 



n 



50 



55 



(m^ represents an Integer of 1 to 4, represents a bivalent aromatic bond unit and each of A® and A'^° represents 
a bivalent bond unit expressed In either one of the following fonnulas (1 9) and (20) In each of the fonnuias (1 7) 
and (18). A^ and A^^ may be identical to or different from each other). 
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(X represents either S atom or O atom in eacli of tlie formulas (1 9) and (20)). 

19. The polybenzazole compound according to claim 18, wherein conductivity obtained by measuring complex imped- 
ance when applying a voltage of 1 0,000 Hz in frequency under conditions of 80**C and 95 % RH is in the range of 
0,3 to 1 .0 S/cm. 

20. The polybenzazole compound according to claim 2, wherein a 3 % mass reduction temperature is in the range of 
370 to 550'C with reference to mass upon temperature rise to 200^0 in thennogravimetric analysis. 

21. The polybenzazole compound according to claim 1, including the aromatic dicarboxylic acid bond unit having a 
phosphonic acid group, wherein a 3 % mass reduction temperature is In the range of 400 to 550*C with reference 
to mass upon temperature rise to 200''C in thermogravimetric analysis. 

22. The polybenzazole compound according to claim 21 , wherein solubility in N-methylpyrroIidone under a condition 
of 1 70*C Is at least 6 % (w/w). 

23. The polybenzazole compound according to claim 22, wherein conductivity obtained by measuring complex imped- 
ance when applying a voltage of 1 0,000 Hz in frequency under conditions of 80**C and 95 % RH is in the range of 
0.001 to 1.0 S/cm. 

24. The polybenzazole compound according to claim 1 , including bond units expressed in the following fomiulas (21 ) 
and (22) in a molar ratio n^:(^ - n^) as components, said molar ratio satisfying an expression 0.2 S n^ 5 1 .0: 



(S03H)m6 




(m6 represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -C(CH3)2-. -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit In each of the fomriutas (21) and (22)). 

25. The polybenzazole compound according to claim 3, including bond units expressed in the following fonmulas (23) 
and (24) in a molar ratio - r7) as components, said molar ratio satisfying an expression 0.2 ^ n^ s 1 .0: 
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(m7 represents an Integer of 1 to 4, Ar represents an aromatic bond unit, X*" represents at least one selected from 
a group consisting of -0-, -SOg-, - C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the formulas (23) and (24)). 

26. The polybenzazole compound according to cialm 8, including bond units expressed in the following fonnulas (25) 
and (26) in a molar ratio n8:(l - n^) as components, said molar ratio satisfying an expression 0.2 5 n^ s 1 .0: 



(S03H)„,8 




(m^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, - C(CH3)2-, ■C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the fonnutas (25) and (26)). 

27. The polybenzazole compound according to claim 11 , Including bond units expressed in the following formulas (27) 
and (28) in a molar ratio n®:(1 - rfi) as components, said molar ratio satisfying an expression 0.2 ^ n^ S 1 .0: 
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(m^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -S02-, - C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the formulas (27) and (28)). 

28. The polybenzazole compound according to claim 20, including bond units expressed In the following formulas (29) 
and (30) in a molar ratio n^^:(^ - n'^O) as components, said molar ratio satisfying an expression 0.2 ^ n^o $ 1 .0: 



(S03H)mio 




(mi° represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SO2-, - C(CH3)2-, -C(CF3)2- and -OPhO- and Ph represents a bivalent aromatic bond 
unit in each of the formulas (29) and (30)). 

29. The polybenzazole compound according to claim 1 , including a benzazole bond unit haying phosphonic acid group 
as a component and containing no fluorine atom. 

30. The polybenzazole compound according to claim 6, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

31. The polybenzazole compound according to claim 7, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

32. The polybenzazole compound according to claim 8, Including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

33. The polybenzazole compound according to claim 11, Including the aromatic dicarboxylic acid bond unit having 
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phosphonic acid group and containing no fluorine atom. 

34. The polybenzBZole compound according to claim 17, including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

35. The polybenzazole compound according to claim 21 , including the aromatic dicarboxylic acid bond unit having 
phosphonic acid group and containing no fluorine atom. 

36. The polybenzazole compound according to claim 22, including the aromatic dicarboxylic acid bond unit having 
phosphonic add group and containing no fluorine atom. 

37. The polybenzazole compound according to claim 23, including the aromatic dicarboxylic acid bond unit having 

phosphonic acid group and containing no fluorine atom. 

38. A resin composition containing the polybenzazole compound including the aromatic dicarboxylic acid bond unit 
having sulfonic acid group and/or phosphonic acid group according to any of claims 1 to 37 and a polybenzazole 
compound having no ionic group as main components. 

39. A resin molding containing the polybenzazole compound according to any of claims 1 to 37 as a main component. 

40. A solid polymer electrolyte membrane containing the polybenzazole compound according to any of claims 1 to 37 
as a main component. 

41. A solid polymer electrolyte membrane/electrode assembly including a solid polymer electrolyte membrane and 
electrode catalytic layers Jointed to both surfaces of said solid polymer electrolyte membrane as components, 
wherein said solid poiymV electrolyte membrane and/or said electrode catalytic layers contain the polybenzazole 
compound according to any of claims 1 to 37 as a component. 

42. The solid polymer electrolyte membrane/electrode assembly according to claim 41 , wherein the polybenzazole 
compound fonning the solid polymer electrolyte membrane and/or the electrode catalytic layers has at least 2.5 
meq/g of sulfonic acid groups and/or phosphonic acid groups In molecules. 

43. A method of preparing solid electrolyte membrane/electrode assembly including a step of bonding a solid potye- 
lectrolytic membrane and electrode catalytic layers Jointed to both surfaces of said solid potyelectrolytic membrane 
to each other with a binder, wherein said solid polymer electrolyte membrane and/or said electrode catalytic layers 
contain the polybenzazole compound according to any of claims 1 to 37 as a component and said binder also 
contains the polybenzazole compound according to any of claims 1 to 37 as a component. 

44. The method of preparing a solid electrolyte membrane/electrode assembly according to claim 43, wherein the 
polybenzazole compound forming the solid polymer electrolyte membrane and/or the electrode catalytic layers 
has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules, and the polybenzazole 
compound, forming the binder also has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups 
In molecules. 



Amended claims under Art. 19.1 PCT 



/ 




H 



■Ar-f 



n 



,10 



(29) 
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(m^o represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at ieast one seiected from a 
group consisting of -0-, -S02-, - C(CH3)2-, -CtCFajg- and -OPhO- and Ph represents a bivalent aromatic bond unit in 
each of the formuias (29) and (30)). 

29. Amended) The poiybenzazote compound according to claim 1 , containing a bond unit seiected from the fol- 
lowing fonnulas (31 ) to (34): 




R 



(m*"^ represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at ieast one seiected from 
a group consisting of -0-, -SO2-, -S-, -CO-, -CH2- and -OPhO-, Y represents NH groups, S atom or 0 atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group In each of the fomiulas (31) to (34)). 

30. Amended) The potybenzazole compound according to claim 6, containing a bond unit selected from the fol- 
lowing fonmulas (35) to (38): 
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(mt^ represents an integer of 1 to 4» Ar represents an aromatic bond unit, Y? represents at ieast one selected fronn 
a group consisting of -0-, -SOg-, -S-, -CO-, -CH2- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or 0 atom, Ph represents a bivalent aromatic bond unit and R represents H atom or metliyl 
group in each of tiie fomnutas (35) to (38)). 

31. Amended) Tlie poiybenzazole compound according to claim 7, containing a bond unit selected from the fol- 
lowing formulas (39) to (42): 
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R 




R 



(nn''3 represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -S-, -CO-, -CHg- and -OPhO-. Y represents NH group, S atom or O atom. Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group in each of the fomnulas (39) to (42)). 

32. Amended) The poiybenzazole compound according to claim 8, containing a bond unit selected from the fol- 
lowing fomnulas (43) to (46): 




(m^^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -S-, -CO-, -CHg- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or 0 atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group In each of the fomnulas (43) to (46)). 
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R 




(m^5 represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -S-, -CO-, -CHg- and -OPhO-, Y represents NiH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group in each of the formulas (47) to (50)). 

34, Amended) The polybenzazole compound according to claim 17, containing a bond unit selected from the 
following fonnulas (51) to (54): 



51 



EP 1 354 907 A1 




{m^^ represents an integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one seiected fronn 
a group consisting of -0-, -SO2-, -S-, - CO-, -CH2- and -OPhO-, Y represents-NH group, S atom or 0 atom, Z 
represents S atom or O atom, Ph represents a blvaient aromatic bond unit and R represents H atom or methyl 
group In each of the fonnulas (51) to (54)). 

35. Amended) The polybenzazole compound according to claim 21 , containing a bond unit selected from the 
following fonnulas (55) to (58): 
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R 




(m''7 represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SO2-, -S-, - CO-, -CHg- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group In each of the fomnulas (55) to (58)). 

36. amended) The polybenzazoie compound according to claim 22, containing a bond unit selected from the fol- 
lowing fomnulas (59) to (62): 




(m^s represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SOg-, -S-, - CO-, -CHg- and -OPhO-, Y represents NH group, S atom or 0 atom. Z 
represents S atom or O atom, Ph represents a bivalent aromatic bond unit and R represents H atom or methyl 
group In each of the fomnulas (59) to (62)). 

37. Amended) The polybenzazoie compound according to claim 23, containing a bond unit selected from the 
following formulas (63) to (66): 
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^N-v--^ .--^^^N (P03H2)m" 



R 




(m^s represents an Integer of 1 to 4, Ar represents an aromatic bond unit, represents at least one selected from 
a group consisting of -0-, -SO2-, -S-, -CO-, -CH2- and -OPhO-, Y represents NH group, S atom or O atom, Z 
represents S atom or O atom, Ph represents a blvailent aromatic bond unit and R represents H atom or methyl 
group in each of the fomiulas (63) to (66)). 

38. Amended) The polybenzazole compound according to claim 1, wherein the aromatic dicarboxyllc acid bond 
unit having sulfonic acid group is a 2,2'-dlsuifo-4,4'-blphenyldicarboxylic acid bond unit. 

39. Amended) A resin composition containing the polybenzazole compound including the aromatic dicarboxyiic 
acid bond unit having sulfonic acid group and/or phosphonic acid group according to any of claims 1 to 38 and a 
polybenzazole compound having no ionic group as main components. 

40. Amended) A resin molding containing the polybenzazole compound according to any of claims 1 to 38 as a 
main component. 

41. Amended) A solid polymer electrolyte membrane containing the polybenzazole compound according to any 
of claims 1 to 38 as a main component. 

42. Amended) A solid polymer electrolyte membrane/electrode assembly including a solid polymer electrolyte 
membrane and electrode catalytic layers Jointed to both surfaces of said solid polymer electrolyte membrane as 
components, wherein said solid polymer electrolyte membrane and/or said electrode catalytic layers contain the 
polybenzazole compound according to any of claims 1 to 38 as a component. 
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43. Amended) The solid polymer electrolyte membrane/electrode assembly according to claim 42, wherein the 
polybenzazole compound forming the solid polymer electrolyte membrane and/or the electrode catalytic layers 
has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups In molecules. 

5 44. Amended) A method of preparing a solid electrolyte membrane/electrode assembly Including a step of bonding 

a solid polymer electrolyte membrane and electrode catalytic layers Jointed to both surfaces of said solid polymer 
electrolyte membrane to each other with a binder, wherein said solid polymerelectrolyte membrane and/or said 
electrode catalytic layers contain the polybenzazole compound according to any of claims 1 to 38 as a component 
and said binder also contains the polybenzazole compound according to any of clainns 1 to 38 as a component. 

10 

45. Added) The method of preparing a solid electrolyte membrane and electrode catalytic layers according to claim 

44, wherein the polybenzazole compound fonning the solid polymer electrolyte membrane and/or the electrode 
catalytic layers has at least 2.5 meq/g of sulfonic acid groups and/or phosphonic acid groups in molecules, and 
the polybenzazole compound forming the binder also has at least 2.5 meq/g of sulfonic acid groups and/or phos- 

is phonic acid groups In molecules. 
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